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---@ Corditis-Free Cord 


The electrical cord is the 
vital connecting link between 
your product and the power 
outlet. A good cord will keep 
it in service. A defective cord 
means it will fail. 


Through a consistent na- 
tional advertising program, 


the Belden Plug has become 
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CORDS BY 


a symbol of safety to mil- 
lions of your customers—an 
identification of nuisance- 
free cords on electrical tools 
and appliances. 


Behind Belden acceptance 
stands a long record of engi- 
neering improvement—new 
high standards forevery part 


beiden 


of the cord: the Conductor; 
the Plug; the Strain Relief 
or Connector. 

Here is low-cost insurance 
against rejections in assem- 
bly and failure in the field— 
the extra “plug” for your 
product you need in today’s 
competitive market. Specify 


Belden Corditis-free Cords. 
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INDUSTRIAL HORIZON 


and New NPA Orders 


Military buying sharply up; 
but orders to date have been 
primarily for heavy equipment. 


January volume of military pro- 
curement is unofficially reported tri- 
ple that of December—some $5,800 
million against $1,900 million 
February should be at least as good. 


But contracts have been mostly for 
the big stuff—aircraft, combat ve- 
hicles, tanks. Which explains why so 
many companies have seen relatively 
litt'e or no business so far. 


Federal Reserve Board index will 
show February industrial production 
slightly off from the January high 
of 219 per cent: but this is due to 
the railroad and wool mill strikes. 


Census Bureau reports man- 
ufacturers’ January shipments sharp- 
ly up, reaching $22,800 million, but 
they still couldn’t keep pace with 
incoming business. New orders total- 
ed $26,500 million, pushing the or- 
der backlog up to $41,700 million. 


January volume for gearing sales 
‘AGMA Index) rose by 12.4 per 
cent compared with December. Index 
stood at 764.6 (1935-39—100). 

Machine - tool boom: January 
NMTBA index for new orders jump- 
ed 68.7 points to 478.8 from an al- 
ready record-breaking December fig- 
ure ... Flood of orders is becoming 
a real problem; ration of unfilled 
orders to shipments rose to 17.4:1 as 
against 11.9:]1 in December. A year 
ago it was a mere 5.7:1. 

What’s going to happen when 
the military orders really get going 
is having everyone worried . . . Re- 
cently promulgated NPA system for 
pooling machine (see 
page) may 
headaches. 


next 
immediate 


tools 
ease some 

First evidence of impact of metals 
shortages on civilan output: January 
factory sales of household washers. 
dryers and ironers were off from 
December by 14.7, 22.9 and 36.6 per 
cent respectively . . . But the sales 


were still higher than a year ago by 
16.5, 63.8, and 21.1 per cent. 


Similar story is told by radio re- 


ceiving tubes: January sales were 
37,042,302 tubes, somewhat down 
from 38,373,601 in December but 
way up from 22,272,024 a year ago. 


Industrial material inventories 
were decidedly off in February. ac- 
cording to the monthly survey report 
of the National Association of Pur- 
chasing Agents . . . Thirty-eight per 
cent of those reporting (highest since 
November 1949) said they have 
smaller working stocks. Reasons: 
Scarce materials are on a hand-to- 
mouth basis; curtailed stocks of ma- 
terials restricted as to end use: and 
finally disruption of shipping sched- 
ules owing to increased use of pri- 
orities and directives. 


Price increases were plentiful, 
says the NAPA report, but fewer 
than in January . . . Hard to get 
items: Aluminum, antimony, bear- 
ings, brass, cadmium, cobalt, con- 
tainers, copper, electrical equipment. 
iron, lead, molybednum, nickel. pa- 
per. rubber, steel, wire, zinc. 


Some production figures: Crude 
copper output dipped to 78,945 tons 
in February from 81,737 in January. 
but it was a shorter working month 

. Styrene molding resins Decem- 
ber output kept up at a high rate. 
20,336,971 |b, but was lagging sales 

-21,912,995 lb . . . Phenolic mold- 

ing compounds production hit 19,- 


120,311 Ib: sales were 16.831.467 lb. 


January consumption of synthetic 
rubber rose by 12.88 per cent com- 
pared to December: rise in natural 
rubber was only 1.28 per cent, re- 
flecting restrictions on natural for 


civilian uses. 


Here’s a round-up of actual 
market conditions facing the buyer 
of metals: 


Copper: Producers maintaining 
2414¢ per |b, but as high as 42¢ still 
being paid in outside market. Con- 
sumers short: frantically seeking ad- 
ditional metal for April. 

Brass and bronze ingot prices up 
as much as 5¢ a lb to levels of per- 
missible ceiling, extremely short and 
demand pressing . . . Scrap copper 
also advanced. Both ingot makers 


and refiners seeking high and low 
for additional scrap, but can’t locate 
any. Fair tonnages are said to be 
exported at high prices. 


Lead: Tight supply, wide consu- 
demand. Producers adhere to 
17¢ per lb but foreign buyers are 
reported to have paid up to 20¢ de- 
livered Gulf ports. Scrap demand is 
sharp and prices have inched up. 
Ceiling price order is expected. 


Zinc: Producers allocating sup- 
plies to regular customers, but no 
one is getting enough. Consumers 
are said to be willing to pay pre- 
miums for foreign metal for imme- 
diate delivery but there is little spot 
zinc available. Producers are quoting 
1714¢ East St. Louis. 


mer 


Aluminum: Little change, demand 
continues aggressive, supplies short. 
Producers maintain price at 19¢ per 
lb for 30-lb ingot, 99 per cent plus. 


Tin: All-time high of $1.83 per 
lb caved in to $1.34. Good reason: 
Uncle Sam got fed up at being 
gouged by producers abroad and de- 
cided to stop stockpiling until the 
price dropped to more reasonable lev- 
els . . . Another step to tighten up 
the tin situation: Setting up the Re- 
construction Finance Corp. as_ the 
sole USA importer. 


Useful booklets on military 
procurement (available from Super- 
intendent of Documents, Washington 
25, D.C.) : “How to Sell to the United 
States Army,” “Follow Me—a Guide 
for Selling to the United States Air 
Force,” and “Purchased Items and 
Purchasing Locations of the Depart- 
ment of the Navy.” 


Be sure you have the latest military 
specification! Many revised “specs” 
are now coming out under the “MIL” 
designation replacing “JAN.” 


Sources: In addition to sources named, statis- 
tical data were obtained from: American Gear 
Manufacturers Association; American Home 
Laundry Manufacturers’ Association; Copper 
Institute; National Machine Tool Builders’ As- 
sociation; Radio-Television Manufacturers As- 
sociation; Rubber Manufacturers Association; 
and the U.S. Tariff Commission, Chemical 
Division. 


Turn to page 8 for Checklist of 
New NPA Orders. 
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magnet wire is insulated with glass! 





withstands more heat (up to 130° C., 266° F.). 

requires less space (coils can be smaller). 

gives longer life. 

gives greater overload protection. 

retains superior dielectric strength at higher temperatures 
and at high relative humidity. 

is as smooth as silk (easy to handle and wind). 

is resistant to attack (water, acids, oils, and corrosive vapors). 


Vitrotex* is designed for heavy-duty electrical equipment where operat- 
ing temperatures, hot spots and space factor all present a problem. 
Vitrotex can solve that problem with windings that can be more com- 
pact, give dependable service for a longer period under adverse tem- 
perature conditions. For information about this glass-insulated wire 
and other types of ANaconpA Magnet Wire, get in touch with your 
nearest Anaconda Sales Office or Distributor. Anaconda Wire & Cable 
Company, 25 Broadway, New York 4, New York. isnt?) “iii 


the right wire for the job 


~aneea @BCaeail 
A NACON pA WIRE AND CABLE 
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Note: Complete copies of the orders 
meted here are obtainable without charge 
from the Office of Public Information, Na- 
tional Preduction Authority, U.S. Depart- 
ment of Commerce, Washington 25, D.C. 


Aluminum: Amendment to M-7 grad- 
ually eliminates manufacture of alumi- 
num windows and air ducts as defense 
conservation measure . . . Amendment 
to M-22 covers distribution of alumi- 
num scrap; revises and increases lists 
of authorized scrap smelters and fabri- 
cators. 

Antimony: M-39 limits inventories 
of this metal or materials containing 
it to 60 days’ supplies or “practical 
minimum working supply,” whichever 
is less NPA urged increase of 
long-term imports since domestic 
mines can supply but about 4 to % 
of domestic consumption. 

Chemicals: M-32 amended sets up 
ceilings for DO-rated orders and de- 
livery lead times on specified chemicals 

Included is barium carbonate 
(has important usage in TV glass tubes. 
barium titanate dielectric components, 
radar tubes) with DO ceiling placed 


at 20 per cent by weight of any 
month’s scheduled output, and lead 
time as “none.” Also covered are 


melamines and  melamine-containing 
compounds with no limitation for ac- 
ceptance of DO orders, and 15 days 
lead time; and ethyl cellulose, ceiling 
40 per cent by weight, and 15 days 
lead time. 
Construction: M-4 amended 
issuing authorizations 


commercial 


sets up 
procedure for 
construction. 
suspended in 


for needed 
Such construction was 
the original order. 

Copper: Basic 
M-12 is relaxcd to permit use of cop- 
per held in inventory after March 1. 


conservation order 


(Previous copper order, amended Dec. 
30, prohibited use of copper in certain 
products effective March 1.) Revisions 
apply to specified products, subject to 
percentage limitations. 

Lead: M-38 applies to lead in same 


manner as M-39 to antimony. (See 


above.) 
Machine Tools: M-40 and M-41 set 











Checklist of New NPA Orders 
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up system of “pool orders” and de- 
liveries for machine tools, defined as 
“metalworking machines” of some 51 
listed types. M-40 will do this: General 
Services Administration (central gov- 
ernment procurement agency, outside 
the Department ef Defense) will place 
firm orders with manufacturers of ma- 
chine tools so they can fit such orders 
into production schedules without furth- 
er delays. M-41 establishes system for 
regulating delivery of machine tools 
produced under the “pool order” sys- 
tem. Seventy per cent will go to Armed 
Services or to prime or sub-contractors. 

Nickel: Amended M-14 permits use 
(for certain products) of nickel held 
in inventory after March 1, thus re- 
laxing previous order. 

Priorities System: Regulation 2, as 
amended, and Interpretation 1 review 
basic rules of the priorities system: 
define what kind of orders are rated 
orders, how to place them, and _pref- 
erence status of such orders. 

Rubber: Amended M-2 upped amount 
available for effective 
March 1, postponed until March 15 
effective date for rubber industry’s rec- 
ommendations for conserving natural 
rubber in wide list of products. Post- 
ponement allowed manufacturers to re- 
vise production schedules. . . 
now permits use of 95 per cent total 


civilian use 


. Order 


new rubber used in base period (aver- 
age month year ending June 30, 1950) 
and 48 per cent of dry natural rubber. 
Steel: Stepped-up placement of mili- 
tary orders is reflected in amended 
M-1 which increased previous require- 
ments for acceptance of DO-rated or- 
ders in specified categories. Steel pro- 
ducers have been directed to provide 
288,500 tons of steel products during 
May for freight-car construction and 
repair. 
Viscellaneous NPA 
Complete listing of mobilization orders 
through February 1, effecting some 22 
raw and 


Publications: 


semifabricated materials has 


been made available . . . Fourteen-page 
booklet “Inventory Control and Priorit- 


ies” answers some 85 questions ... A 


oom 







list of DO 
has been made public (NPA release 
311-Feb. 28) 


(defense order) symbols 


INDUSTRY ADVISORY COMMIT. 
TEES: Incandescent and fluorescent 
lamp manufacturers discussed with 
NPA problems posed by shrinking 
stocks of tightly allocated tungsten, 
copper, brass, and other critical metals 

Commercial and industrial re- 
frigeration and air-conditioning group 
discussed conservation of copper, alu- 
minum, alloy steel; requested 90 days 
advance notice before 
NPA orders. Task group appointed to 
study proposed conservation order. 


issuance new 


Extended surface-heating equipment 
committee claimed their industry needs 
copper and aluminum in applications 
for which no substitutes are effective. 
NPA officials recommended elimination 
of all ornamental grilles, and other 
elements that do not actually need 
these metals; also recommended setting 
up a conservation program in each 
plant. 

X-ray equipment group reported near- 
capacity operation, finds most frequent 
bottlenecks caused by scarcity of small, 
but essential components, such as re- 
sistors, relays, ball bearings . . . NPA 
told committee that supplies of alumi- 
num for their industry needs will be 
sufficient. But materials worrying X-ray 


people most are Kovar, copper, nickel, 


and silicon steel (400 tons needed 
annually). 
Power transformer manufacturers 


were told they would receive priority 


assistance to obtain basic materials; 
will be able to apply DO ratings for 
quantities, NPA 
. Chemical industry ad- 


immediate 


specified subject to 
screening . 
visory committee urged 
covering all 
strategic chemicals similar to WPB 
Order M-300 of World War II. 
Other industry groups meeting with 
NPA: anti-friction bearings; platinum 


producers and 


adoption of regulation 


users; tungsten and 
molybdenum wire and rod; merchant 


pig iron; and zine. 


Among the feature articles scheduled to 


appear in coming issues @ Selection of Fixed Capacitors for electronic circuits @ Appli- 


cations for Ultrasonie equipment @ Types of Overload Protection for motors e De- 


sign of an Automatic Titrator for laboratory service @ How Electrical Controls in- 


crease performance of a cotton comber. 
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It Isn’t Taught in College 


E THINK we have detected 

WW among our readers a new kind 
of engineer. He is what might be termed 
an electro-mechanical product designer. 
The colleges did not develop him; it was 
the ever expanding possiblilities of com- 
bining electrical functions with mechani- 
cal motions in the design of industrial 
machinery. That and the continuing up- 
ward trend in factory wage rates which 
demanded greater output per worker 
which could only be achieved by applying 
more electric power and eliminating the 
time it takes an operator to think before 
making the next move. Skill also had to 
be transferred to the machine lest haste 
make waste. 

The electro-mechanical designer who 
arose to meet this challenge was trained 
basically as an electrical engineer, and 
has had to learn mechanical design by 
experience on the job. His college work 
was not aimed very closely toward his 
present occupation. It was heavy on power 
generation and distribution and on theory 
of a-c and d-c machine, with little or 
nothing about applying commercial elec- 
trical devices in product design. 

As a graduate our EE typically went 
from control design to control application 
where he worked with machinery build- 
ers who were gradually changing over 
from belt-drive to built-in power. Even- 
tually, the customer put him on the pay- 


roll as a full-time electrical engineer. 

But problems still came down to him 
from mechanical designers—cam and 
lever men. They set up the sequential 
functions required but left it up to the 
electrical man to design control circuits 
and select components to attain these 
ends in a foolproof manner. Necessarily 
the electrical engineer had to learn me- 
chanical design to integrate his work, but 
it is a safe bet that he picked up that new 
knowledge (some of it from technical 
publications) faster than his overbur- 
dened boss could learn about electricity. 

That this sort of education is sound is 
attested by the fact that the EE’s who took 
the opportunity to broaden their outlook 
on the overall design of the product are 
now moving into positions of increased 
responsibility in machinery manufactur- 
ing plants. Under various titles they are 
becoming assistant chief engineers in 
function and are being groomed for the 
big job. 

From this history, several conclusions 
can be drawn: Avoid too narrow spe- 
cialization. Be competent in your special- 
ization—you can’t overdo competency— 
but don’t neglect the broader aspects of 
the job, the integration of your specialty 
with overall company objectives. To do 
that successfully requires imagination and 
hard work, and something new learned 
each day. 
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Desioning an oftice-size 
electronic analog computer 


This step-by-step report is of double-barreled interest: (1) Use of 
servomechanisms and new techniques such as unitized construction has 
made possible a machine reasonable in size and cost. (2) The machine 
itself, by setting up electronic analogs to design problems, provides a 
versatile design tool of great value by obviating much prototype testing. 


RAWLEY D. McCOY and FRANK R. BRADLEY, Reeves Instrument Corporation 


MODERATE-SIZE electronic analog computer 

(Reeves’ REAC), suitable for general industry 

use, is expanding the scope of engineering analy- 
sis in many fields, allowing efficient development of new 
products and improvement of old. Its final design 
evolved as a byproduct of the Navy Department’s 
“Project Cyclone” under which Reeves Instrument built 
and is operating a complete guided missile simulator. 

Principle of operation of the REAC is one of analogy. 
It deals with d-c voltage levels and waveshapes, produc- 
ing its answer in the form of an output voltage level of 
which a time record may be made. Problem solution is 
achieved by setting up circuits whose operation under 
impressed voltages are analogous to the operation of, 
for example, a control system under the pressure at 
a given point in a process.- The output of the circuit 
is then proportional to the pressure and a time record 
of the output voltage may be read directly in terms of 
pressure. Characteristics of the physical system are 
discovered by observing actions of the electrical analo- 
gies, and costly trial-and-error procedure is replaced 
by a systematic changing of dial settings. 

Most obvious value of such a computer is in bypassing 
of much prototype testing. In general two alternatives 
are open to a designer: (1) to set up the problem and 
evaluate solutions in purely mathematical terms, or (2) 
build a prototype, test it, and alter and rebuild it as 
required to achieve a workable design. In the past the 
second method has been the alternative generally used 
because of the relatively great expense of hand com- 
putation. Even after such a trial-and-error development 
a workable rather than the optimum design may be the 
result. The REAC reduces the cost of problem solution 
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by a large factor thus making the mathematical ap- 
proach to design problems econoinically feasible. 

The computer is used to ascertain the best combi- 
nation of design parameters which are selected and the 
tentative final design effected and perhaps achieved in 
the construction of one prototype. For example, an 
aircraft landing gear or vehicle suspension system is 
designed on the REAC without building numbers of 
components and experimenting. Key units, after being 
built from information so obtained, are checked out by 
simulating the aircraft or vehicle by electrical circuitry 
in the computer and tying the key component to the 
simulated aircraft or vehicle. Pen recordings from the 
computer give information that otherwise would take 
elaborate instrumentation to procure. In general, this 
analog computer is applicable to all servo design 
problems. 

Experience in the solution of industrial research 
problems has shown that the REAC reduces costs by 
a very large factor. A typical problem, estimated to 
require 2950 man-days for solution using the fastest 
available hand methods, was solved by the analog com- 
puter in 108 man-days. The cost of this solution was 
$3,240.00, as compared with an estimated cost of 
$73,725.00 for solution by hand methods. The amount 
saved in the solution of this one problem is greater than 
the cost of an average installation of the computer. 


Initial Design Considerations 


Until the last war, most analog computers had been 
mechanical in nature utilizing linkages for algebraic and 
trigonometric operations and ball and disk integrators 
for integration. (The ball and disk is simply a refined 
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FIRST MODEL 


“office-size” REAC electronic analog 


nan first 

computer. Below, a recent model, reflecting further 
design improvements. The basic unit comprises two stand- 
ard radio relay rack-type cabinets, one of which houses 
computing components and controls, the other houses power 
supply. Basic unit is capable of solving ordinary linear 
differential equations up to and including the seventh order 





version of the integrator used in a Bailey flow meter 
to determine the total flow.) Electronic computational 
techniques were then developed to the point where all 
of the operations performed by mechanical computers 
could be duplicated by electronic and electromechanical 
means with accuracy as good as, if not better than, their 
mechanical predecessors. Mechanical computers are sev- 
eral times more expensive and more cumbersome than 
equivalent electromechanical computers. They are also 
less versatile in the sense that electrical connections are 
considerably easier to make than mechanical couplings 
so that changing a problem, which involves changing the 
relationships of the various elements of the computer 
with respect to each other, is a simple matter with an 
electromechanical computer and a difficult, time-con- 
suming problem with a mechanical computer. The choice 
for development was therefore clearly the electrome- 
chanical computer. 

This established, the next problem was to decide be- 
tween d-c and a-c computation. A d-c computer uses 
d-c voltages to represent the quantities in question with 
the magnitude of the voltage representing the magnitude 
of the quantity and the sign of the voltage representing 
the sign of the quantity (7e., plus or minus). An a-c 
computer uses a-c voltages whose rms values represents 
the magnitude of the quantity and whose phase repre- 
sents the sign of the quantity (7.e., “in phase” or “out 
of phase”). A-c-computers have three significant ad- 
vantages over d-c computers: 

1. Freedom from drift which is inherent in d-c ampli- 
fiers. 

2. The induction trigonometric resolver. This device 
is the most accurate electromechanical resolver. It util- 
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having constant coefficients. Several computers may 
be cascaded to increase scope. Addition of a servo unit 
with its power supply provides means for multiplication, 
division, and generation of trigonometric functions of vari- 
ables thus extending computer’s capabilities to the wide 
range of nonlinear differential equations encountered in 
the solution of physical problems. Recorder shown here 
uses a 6-channel direct-inking record of problem solutions 
plotted against time. Synchronous motor paper-drive pro- 
vides the time base. Operator is using an input-output table 
to generate functional relationship plotted on the table. 


RECENT MODEL 


izes inductive coupling between primaries and second- 
aries with the trigonometric functions introduced by the 
shaft angle of a stator with respect to the rotor. To 
carry out this operation, it is therefore necessary to 
have an a-c voltage. If an a-c computer is used, the 
voltage proportional to the quantity whose resolution 
is desired may be supplied directly to the resolver. If, 
on the other hand, a d-c computer is used, the d-c 
voltage representing the quantity must be converted 
to an a-c voltage, resolved, then converted back to a 
d-c voltage. This process will, of course, introduce some 
error. 

3. The third advantage of a-c computers is a negative 
one and evolves because d-c computers require extreme- 
ly stable power supplies. In a d-c computer any drift 
or change in power-supply voltage from the reference 
level appears in the output, creating an error in the 
quantity represented. This is avoided in a-c computers 
by using capacitor coupling. The a-c voltage is coupled 
through capacitors but the relatively slow drift of power- 
supply voltage is blocked. This device can not, of course, 
be used in a d-c computer since d-c voltages can not 
be coupled through capacitors. 


Other Advantages of A-C Operation 


There are other secondary considerations in which 
the a-c computer has advantage over the d-c computer 
such as in grounding. An elaborate common ground 
is necessary in a d-c computer since all voltage levels 
in the computing loop must be referred to the same 
point; an additional ground system is necessary to 
return filaments and allied points in the circuitry to 
ground so that the relatively large currents involved 
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in the heater circuits will not create a voltage difference 
between two points in the computing loop ground. 

It has since been determined that the d-c computer 
has the overriding advantage of accurate integration. 
It is only possible to integrate with an a-c computer 
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Operation of the Computing Amplifier 


This operation is analogous to that of a servo. Consider 
the block diagram A. Computing resistors Rin and Rr form 
a voltage divider between eou and em. If the voltage divi- 
sion is such that ey is not zero, say slightly positive, ou: 
becomes a large negative voltage since the amplifier is a 
high-gain phase-inverting type. This drives e, back toward 
zero because of the resultant voltage division across Rin 
and Rr. As a result of the amplifier action, eouw is maintained 
at a voltage which results in zero or essentially zero voltage 
at the input grid. The amplifier is designed for zero or very 
small grid current so that the same current flows in both 
the input and feedback resistor. Relationship of eoue and ein 
is then determined solely by the relationship of Rin and Rr 
and is in fact 


-Rr 
Cout = R,°" 


which is the output voltage required for e, to equal zero. 
Since each resistor is better than 0.1 per cent accurate a 
computation within this precision limit can be performed. 
(In production, 0.1 per cent components are purchased and 
matched to within 0.02 per cent.) In particular if Rr = Rin, 
as is the case in a phase-inverting amplifier, then @our: = ein 
within a small fraction of a per cent. 

In a summing application several input resistors are 
used in conjunction with the feedback resistor and sum- 
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by using a mechanical servo whereas integration with 
a d-c computer is an all-electronic process. Using a 
servo introduces errors and reduces the frequency 
limits over which integration may be carried out. 

At the start of the Navy’s “Project Cyclone” it was 
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ming is achieved by virtue of all the input currents flowing 
through one feedback resistor (see block diagram B), the 
amplifier still functioning to maintain its input grid at zero. 

In the integrating application (diagram C) the feedback 
resistor is replaced by a feedback capacitor. The amplifier 
again maintains its input grid at zero, now by virtue of 
voltage division across Rin and C. Again the same current 
flows through both computing elements. Note by Ohm’s 
law that 


gE =£, SINCE €g*O 

Since the voltage across a capacitor in terms of the current 
flow through it is given by equation (1) below, the rela- 
tionships (2) and (3) then follow and we have the output 
voltage equal to minus the integral of the input voltage 
multiplied by the inverse of RinC. If Rin is one megohm 
and C is one microfarad, we have the relation in equation 


(4). 
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not known exactly how accurate d-c integration could 
be made; the problem of d-c amplifier drift, therefore, 
was an imposing one. The decision was to build both 
a-c and d-c prototypes and resolve between them, per- 
haps incorporating features of both into one unit. This 
was done and the a-c computer proved less accurate 
than the d-c computer. Difficulties arose because of 
harmonic distortion and stray pickup which at low 
levels of the variables introduced a considerable per- 
centage of quadrature component into the nulling loops, 
thereby causing sluggishness and errors in the servos. 
Additionally trouble was encountered with parasitic 
oscillation. A drift problem also arose in a-c integration. 
Motor-tachometer servo-loop combinations were used 
to achieve the integration in which an a-c input voltage 
was nulled by a tachometer (generator) voltage. In 
such a system the servo drives the tachometer at the 
rate necessary to generate the correct nulling voltage. 
The rate of change of output position is therefore pro- 
portional to the input voltage so that output position is 
proportional to the integral of the input voltage. To 
achieve a range of integration of greater than 1000 to 1 
(1.e., ratio of smallest to largest possible outputs) it was 
necessary to make the loop gain so high that the servo 
drifted anyway. The d-c computer on the other hand, 
proved to have an integrating range of 30,000 to 1 with 
great accuracy. 

First problem involved in d-c computation, that of 
d-c amplifier drift, has been solved in a manner which 
will be described later. The third disadvantage, sus- 
ceptibility to power supply drift, is obviated by building 
very stable and closely regulated power supplies. 


Servo Required for Trigonometric Resolution 


The second problem, that of difficulty in trigono- 
metric resolution, was not as uncompromising as it 
sounds. Note that in any case a servo is required for 
resolution so that the choice between a-c and d-c is a 
choice of a servo for integration against modulation 
and demodulation for resolution. Resolution is by no 
means comparable in importance to integration since 
in many cases no resolution is required whereas in- 
tegration (or differentiation) is required for the solu- 
tion of all differential equations. Furthermore, by care- 
ful design errors in the modulation-demodulation proc- 
ess were maintained within acceptable limits. At the 
present time a d-c resolver has been developed by 
Reeves which is accurate to less than 0.2 per cent 
obviating the need for modulation-demodulation. This 
component, however, was not available for the early 
development. 

Note that a differentiation process rather than an 
integration process can be used in the electronic solu- 
tion of differential equations, but because of the nature 
of the process the gain of a differentiating device in- 
creases with frequency so that gain is high at noise 
frequencies and noise therefore is emphasized. This 
results in operation which generally is not satisfactory. 
The inherent difference in gain characteristics of dif- 
ferentiating and integrating devices is derived: 

Consider sin wt, then 


~ ] 
sin wt = —— coswt + K 
w 
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Left, a rear view of the REAC computer. Right, rear view 

of servo unit: Top four shelves contain two multiplying 

servos and two resolving servos; associated circuitry is 
located on remaining shelves below. 


and 

d sin wt 

—— w cos wt. 
In the case of integration, as frequency increases, the 
magnitude of the integral decreases because w is in 
the denominator. In the case of differentiation, how- 
ever, the magnitude of the derivative increases with 
frequency. Since computing devices must physically 
reproduce the mathematical conditions it is evident that 
the gain of an integrating device must decrease with 
frequency and the gain of a differentiating device must 
increase with frequency. Use of a differentiation process 
is therefore immediately ruled out. 

Since electronic means of multiplication of variables 
are, in general, not as accurate as electromechanical, 
the decision was made to accomplish the multiplication 
by the latter means. Specifically, by positioning a po- 
tentiometer shaft in accordance with one function and 
placing a voltage proportional to another function across 
the potentiometer. The voltage at the arm of the po- 
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tentiometer is then proportional to the product .of the 
functions. 

It was originally decided to include six integrating 
amplifiers, six summing amplifiers and eight inverting 
amplifiers in a console. In this first model the effect of 
cascading these high-gain feedback circuits could not 
be anticipated and because of vague reports that oscil- 
lations could be expected four servos were included. 
It was expected that these would be used to prevent 
oscillations by inserting them at strategic points in the 
computing loops to repeat the value of a variable but 
not passing, of course, the relatively high-frequency 
oscillations. Gratifyingly enough the unit immediately 
operated with no such difficulty when power was applied 
for the first time, an unusual occurrence with such a 
complex equipment. This left the servos available for 
multiplication and division. 

Balancing out the drift of the d-c amplifiers (1.2., 
setting the amplifiers for zero output with zero input) 
was accomplished with a panel meter. Pushbuttons, 
one for each amplifier, were used to open the input 
circuit and connect the output to a panel meter. The 
balancing potentiometer associated with the amplifier 
was then manually positioned for: zero meter reading. 


Connections at Front Aid Setting Up 


Integration mathematically introduces an arbitrary 
constant which is determined uniquely in physical prob- 
lems in terms of initial conditions. The electronic 
counterpart of the initial condition is the charge on 
the capacitor used for integration at the time of start- 
ing the problem. In the first d-c computer this charge 
was established with floating batteries, one for each 
integrating capacitor. A potentiometer connected across 
the battery permitted adjustment of the voltage to 
the desired value. A relay was used to disconnect the 
battery at the start of the problem. 

One of the principle features of this computer (which 
has carried through to the present model) is that of 
having all controls and connections necessary for the 
solution of problems at the front of the unit. By this 
means a mathematician with a schematic diagram, the 
proper coefficient settings, and a supply of telephone 
patch cords can completely set up a problem without the 
aid of a screwdriver, soldering iron, or metering equip- 
ment. To this end a patch bay was used and computing 
potentiometers were panel mounted and supplied with 
calibration dials (10-turn helical potentiometers and 
dials). 

The basic computing amplifier is a three-stage high- 
gain d-c unit. It is identical in each of the three applica- 
tions (summing, integration, inversion) ; the difference 
in operation is achieved by the computing components. 
These are precision resistors and capacitors. When the 
amplifier gain is high the accuracy of these components 
are the limit on the accuracy of the operations per- 
formed by the computing amplifiers. These components 
were of the highest commercially available accuracy 
with better than 0.1 per cent accuracy on resistors and 
capacitors. By calibration of the condensers the ac- 
curacy can be further increased to 0.01 per cent. Each 
of the six integrating amplifiers were identical as were 
the six summing amplifiers and eight inverting ampli- 
fiers. 

This first REAC with a problem patched into it had 
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four servos located in the center top, the computing 
potentiometers on the two adjacent panels and two 
patch bays on the outer panels. A single-channel Brush 
recorder on the console shelf, is used to record a prob- 
lem solution. An interior view would show two racks 
of 10 computing amplifiers, the servos, and servo ampli- 
fiers. The remaining chassis are power supplies. Test 
problems of sixth order linear differential equations 
run on this REAC indicate an error of less than one 
percent by comparison with hand-computed solutions. 
Principle of operation of computing amplifier is ex- 
plained separately. 


Balancing System Development 


During the following year and a half considerable 
development work was done on the computer and it 
began to take its present form. Initially the primary 
problem was d-c amplifier drift. It is essential that 
the computing amplifier be balanced, 1.e., that for zero 
volts input the output is zero. D-c amplifiers are sus- 
ceptible to drift because a slight variation in grid-to- 
cathode voltage of the first stage (due to a slight vari- 
ation in supply or heater voltage, resistor drift, or tube 
characteristics) is amplified by the succeeding stages, 
producing a large variation in output voltage. This 
problem can be avoided in a-c amplifiers by capacitor 
coupling, the capacitor passing the a-c signal but block- 
ing the slow changes in voltage level which cause drift. 

It soon became apparent that the method of balancing 
used in the first computer was too time-consuming, 
particularly since it was necessary to balance all of the 
amplifiers frequently during the course of an operating 
day. The next step in the development of a satisfactory 
balancing system was the use of servos. Twenty small 
d-c servo motors were geared to the balancing poten- 
tiometers and a servo amplifier and stepping relay in- 
corporated. Under the control of a panel switch the 
stepping relay went into action, opening the input of 
each amplifier in turn and at the same time connecting 
the output of that amplifier to the input of the servo 
amplifier and the output of the servo amplifier to the 
servo motor geared to the balancing potentiometer of 
the amplifier in question. Under these circumstances 
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the servo drives the balancing potentiometer to the zero 
output point and the amplifier is in balance. 

Circuits were incorporated so that if an amplifier 
were defective and could not be balanced, the balancing 
sequence would stop and a light would indicate the 
defective amplifier. With this system, balancing could 
be accomplished in about one minute. Difficulties arose 
with the servos however, because one amplifier had to 
operate with twenty different motors and it was im- 
possible to obtain inexpensive motors of sufficiently 
similar characteristics. The amplifier gain and feedback 
settings could not be individually adjusted to the motors 
so that the loop responses were not uniform. 

Obvious solution to this problem was some sort of 
magnetic clutch which would allow the use of one 
motor, clutching in the amplifier balancing potentiom- 
eters in turn. There was, unfortunately, no magnetic 
clutch known to Reeves which gave zero torque when 
de-energized. If there had been, it would have been 
used in the first place. It became necessary then to 
develop a clutch and this was done. It is an interesting 
sidelight that although the balancing system in which 
they were used has since been replaced, the clutches 
are still manufactured by Reeves as a standard item. 

At this time, in order to secure finer adjustment, 
three-turn helical potentiometers were substituted for 
the single-turn type formerly used. The balancing sys- 
tem thus consisted of 20 clutches, the stepping system, 
a servo amplifier, and a servo motor. The step switch 
system opened the amplifier input, connected the output 
to the servo amplifier and energized the clutch of the 
balance potentiometer of the amplifier. 

During this period other improvements were made 
in the equipment. The grounding system was revised 
several times. The combination of amplifiers was 
changed to seven integrating, seven summing and six 
inverting amplifiers. In order to make sure that ampli- 
fiers were operated in their linear range, an overload 
system was incorporated to give aural and visible warn- 
ing whenever any amplifier output went outside a 
specified range. To introduce discontinuities (to simu- 
late, for example, a control coming against a stop) 
limiters were added, enabling variables to be limited 
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Balancing system evolution: Early system is shown at 
A. One chassis of 10 servo motors drives 10 balancing 
potentiometers. Two such chassis were used in each com- 
puter to balance the 20 amplifiers. The early model 
computing amplifier, consisting of two high-gain d-c 
amplifiers on a single chassis, is shown at B. Several 
design steps later the present computing amplifier com- 
bined with the balancing amplifier on one plug-in chassis, 
has been evolved, as shown at C. Twenty such amplifiers 
are used in the present REAC model. 


to a specific peak value or range. A method of inserting 
initial conditions was developed paralleling the capacitor 
with a feedback resistor across which, as we have seen, 
the voltage can be precisely established. The capacitor 
then assumes this voltage and, at the start of the prob- 
lem, a relay disconnects the resistor. 

These components were packaged in the computer 
with the overload system on the top, the 20 amplifiers 
in a cage-like structure beneath and the balancing sys- 
tem on the bottom. The limiting unit was mounted 
between the overload system and the computing ampli- 
fiers. The computing amplifiers had by this time been 
developed into a unitized plug-in type chassis. * This 
unit was the first generally available commercial unit. 

Servo Unit. The four servos of the first REAC were 
incorporated into a separate servo unit. It consisted of 
four potentiometer follow-up servos, two of which 
could be converted to resolver follow-up servos by 
changing the setting of a panel switch. The servos were 
60-cycle systems using tachometer feedback for stability. 
To accomplish trigonometric resolution with induction 
resolvers the servo contained modulating and demodu- 
lating equipment. The modulator was itself a potentio- 
meter follow-up servo (actually four modulators were 
supplied, one for each of the two primary windings, of 
the two resolvers). The modulator positioned the arm 
of a ganged potentiometer in accordance with a d-c 
input. A 60-cycle reference a-c voltage was impressed 
across one potentiometer so that the a-c voltage picked 
off by the arm is proportional to the d-c voltage (the 
other potentiometer being used as. a d-c follow-up). 
The a-c voltage could then be resolved after which it 

(Continued on page 230) 





* See “Unitized Electronic Design and Construction Techniques,” C. Bru- 
netti, Feb., 1951, ELectrricaAL MANUFACTURING, Page 78.—The Editor. 
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Military specitications 





controlling plastics dielectrics 





The Navy is the assigned custodian of a large 
number of the Military Specifications covering 
plastics dielectric materials. As such, it has the 
responsibility for coordinating these specifications 
with all the bureaus of the Navy Department, 
agencies of the Department of the Army, and serv- 
ices of the U. S. Air Force so that the resultant 
specifications represent the procurement needs of 
these agencies. As seen from the listing contained 
in Table I, the Armed Services are interested in 
every variety of plastics dielectric material manu- 
factured today. These interests cover the gamut 
of materials—from impregnating and liquid ma- 
terials through the flexible coil, slot and cable 
insulations of the rigid molded and laminated ther- 
mosetting materials. 

Not only must the specifications represent mili- 
tary needs but they must be practical in nature— 
the Services must be able to purchase materials in 
large volumes under the specifications. The spe- 
cification requirements therefore cannot represent 
an ideal or target material—they must represent 
an actuality, a material which can be purchased 
from at least one and preferably a large number 
of industrial concerns. Government-industry co- 
operation has been and is an indispensable factor 
in the continuing development of military specifica- 
tions for the new improved plastics dielectrics 
needed by the Armed Services. This has occurred 
not merely in isolated cases but—as Table II illus- 
trates—in a whole series of superior plastics di- 
electrics. 





ILITARY specifications on plastics dielectric 
M materials are used principally as documents 
to be referenced in specifications, plans and 
drawings for electrical and electronic equipment. They 
thus serve as a guide to equipment manufacturers in 
the selection and purchase of materials which have 
been shown through past experience to be necessary 
or preferred for effective operation of equipment under 
severe military service conditions. 
Without such guidance manufacturers would have 
to spend a great deal more time and money in investi- 
gations of materials for these applications with less as- 
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surance of satisfactory operation. Many of the man- 
ufacturers in fact lack necessary facilities for such 
exhaustive investigations. Finally many small equip- 
ment companies find it impractical to establish their 
own specifications and find it convenient to employ 
military specifications as procurement quality control 
in all needed materials. 

The Navy, as a result of long experience, has found 
that it pays big dividends both to government and in- 
dustry to guide equipment manufacturers in the choice 
of plastics dielectric materials. It has issued these 
specifications covering the three general fields of ap- 
plication of such materials in equipment: 

(a) Specification MIL-E-917(SHIPS) — Electric 
Equipment, Basic Requirements For (Naval Shipboard 
Use) 

(b) Specification MIL-I-983(SHIPS) — Interior 
Communication Equipment; General Specification For 

(c) Specification 16E4 (SHIPS)—Electronic Equip- 
ment, Naval Ship and Shore: General Specification. 

These specifications cover the general requirements 
applicable to the design, material and construction of 
the electrical and electronic equipment used for Naval 
shipboard and shore applications. They also set forth 
the ambient and operating conditions within which the 
equipment must operate satisfactorily at all times, and 
detail the means by which the equipment as a whole 
will be tested to determine whether it will so operate. 
Specific requirements or exceptions applicable to in- 
dividual equipments are listed in the individual equip- 
ment specifications. 

In each of these specifications there are referenced a 
series of military specifications on plastics dielectric 
materials. It is the intent of the general specifications 
on equipment that the quality of the material used in 
the construction of the equipment be at least equal 
to that covered by the referenced specifications. It is 
not required that all such material be tested in accord- 
ance with the referenced specifications in each in- 
dividual case; however, the government inspector may 
require such material tests whenever in his judgement 
it is necessary to ascertain that the quality of a material 
used meets the requirements of the specifications. 

Where material is not in accordance with specifica- 
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Analysis of specifications that control quality of ma- 


terials essential to satisfactory operation of electrical 


and electronic equipment for critical military needs. 


Why and how developed, and where best applied. 


LORENZ E. SIEFFERT * 


Materials Engineer 
Bureau of Ships, Department of the Navy 





Fig. 1—Phenolic-asbestos molded circuit-breaker. A ma- 
terial development required to meet severe military serv- 
ice requirement. Fig. 2—Glass-melamine laminate is 
another example of materials developed largely through 
military-industry cooperation. Left, is a specimen of lam- 
inate that utilizes a nonpyrolized glass fabric, while at 
right the dark (brown) laminate employs a heat-treated 
fabric and is superior in mechanical properties and flame 
resistance. (Source: American Cyanamid Co.) 


tions it must be clearly demonstrated that an improve- 
ment in operating characteristics or a saving in weight 
without sacrifice in reliability can be accomplished 
thereby, and that such substitutions do not preclude 
the subsequent use of standard material in effecting 
repairs or replacements. Use of materials not in ac- 
cordance with specifications will be permitted ‘if sat- 
isfactory to the bureau or agency concerned. The man- 
ufacturer’s request for use of such materials must be 
accompanied by shop drawings or plans clearly il- 
lustrating the use of the material. The material specifi- 
cations reflect the minimum level of quality to be 
expected of the material covered thereby. 

How do the Armed Services obtain information as 
to the superiority of the new plastics dielectrics they 
specify or suggest for use in electrical and electronic 
equipment, and how do they obtain the test information 
required for the specifications on the materials? Does 
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industry participate in such evaluation programs? 

The necessary information is of course, obtained in 
various ways, depending upon the circumstances in- 
volved. In general, the following steps are taken al- 
though not necessarily in the sequence stated: 

A. A statement by the Armed Services of a material 
need: This includes information as to the deficiencies 
in the existing materials being used, and information 
(in as concrete terms as possible) as to the properties 
desired in the new material, with emphasis on those 
factors of major importance in the intended use. 

B. The material development: This includes all the 
development factors from the concept stage, through 
laboratory investigation and pilot-plant production, to 
full-scale manufacture. 

C. Evaluation of the material is made up of three 
major phases: 

1. Service experience—actual service usage of the mate- 
rial in the electrical or electronic equipment. 

2. Tests on the electrical and electronic equipment em- 
ploying the new material under laboratory conditions set 
up to simulate so far as possible, service conditions. 

3. Basic material evaluation—a study of the basic mate- 
rial in simple forms to evaluate its basic properties. These 
properties may be classified into two general categories: 

(a) Those which can be simply evaluated and are suit- 
able for inclusion in specifications for quality control of 

the material. , 

(b) Those which cannot be evaluated by simple test, 
but which are necessary for a thorough evaluation of the 
material under severe service conditions. Tests to de- 


* The opinions or assertions contained herein are those of the author 
and are not to be construed as reflecting the views of the Department 
of the Navy or the Naval Service at large. 
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termine the effects of environmental conditions requiring 

elaborate instrumentation, long duration, or special tech- 

niques generally fall in this category. 

D. Actual preparation, coordination, and printing of 
the standard, which involves a listing of the properties 
to be measured, description of the test methods used, 
establishment of sampling, inspection, and test plans, 
packaging for delivery, and other incidental matters 
involved in a document for controlling the quality of 
the material purchased. 

E. Full-scale usage of the material: Any new mate- 
rial, no matter how excellent, requires time to obtain 
widespread usage. Users of the material must be con- 
vinced of the merits of the material and economic 
factors must be considered. Once a standard is pre- 
pared, however, if the material has merit and sufficient 
encouragement is given, economic factors are broken 
down gradually and the material takes its place in the 
line of commonly used materials. 


Industry Cooperation Is Essential 


Three examples will detail how the above procedures 
are carried out in practice and will show that industry 
cooperation was essential in each phase or step. These 
examples will deal with: Phenolic-asbestos molding 
compounds; glass-melamine laminated sheets; and sili- 
cone coil and slot insulations and treated sleeving. 

Phenolic-Asbestos Molding Compounds: During the 
last war a serious problem arose from shipboard fires 
resulting from the burning of phenolic-cotton molded 
circuit-breakers on power panels under short-circuit 
conditions. The Navy formulated its need for a new 
class of molded thermosetting materials with physical 
and electrical characteristics equivalent to the phenolic- 
cotton molding compounds but with greatly increased 
flame resistance. Material manufacturers and circuit- 
breaker manufacturers consulted indicated a _ willing- 
ness to work with the Navy to solve the problem. 

For a number of years previously there had been 
available two types of phenolic-asbestos molding com- 
pounds used for magneto caps, switch bases, and heat 
insulators where high impact strength was not required. 
Powdered or short-fiber asbestos was used in these 
Types MFH* and MFG materials. But there were no 
high impact resistant materials of a phenolic-asbestos 
composition equivalent in shock resistance to the high- 
impact phenolic-cotton materials classified under CFI- 
10 and CFI-20. And shock resistance was needed to 
withstand service usage. 

Material manufacturers investigated various types 
of heavy asbestos fabrics as fillers and finally developed 
two new types of phenolic-asbestos molding compounds 
at least equivalent in electrical characteristics and 
mechanical strength to the phenolic-cotton materials, 
CFI-10 and CFI-20. 

Circuit-breaker manufacturers found that in most 
cases it was possible to mold these materials in the 
same molds as the phenolic-cotton materials and that 
circuit breakers made from the phenolic-asbestos mate- 
rials would meet the specification tests for circuit 
breakers including the Class HI (high impact) shock- 
resistance tests. 

Service experience indicated that circuit breakers 


* Type designations in Specification MIL-P-14A. 
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Table I—Military Specifications on Plastics 


Dielectric Materials 





Specification No. 


JAN-F-1148 
JAN-1-545 
JAN-1-572 


JAN-1-631 
JAN-T-638 
JAN-I-695 
MIL-P-997 
(SHIPS) 
MIL-P-15035 
MIL-P-3115 
MIL-P-15037 
MIL-P-15047 
MIL-P-79 


MIL-P-14A 


JAN-I-1139 
MIL-I-1140 
MIL-I-3042 
MIL-I-3053 


MIL-D-3054 
MIL-I-3064 
17C8 
MIL-T-15126 


(SHIPS) 
17134 
MIL-I-3158 
17-1-45 
17-1-46 
MIL-I-3190 
17-1-56 


17-1-62 


HH-1-538 


Material 


Fiber, Insulating 
Insulation, Electrical, Paper, Pressboard 


Insulation, Electrical, Synthetic Fiber; Cords, 
Yarns, and Mono-filaments 


Insulation, Electrical, Synthetic-Resin Com- 
position, Nonrigid 


Tape, Insulating (Electrical), Linen-Finish, 
Plain 


Insulation, Electrical, Paper (Slot-Cell) 
Plastic-Material, Laminated, Thermosetting, 
Electrical-Insulating: Sheets, Glass Cloth, 


Silicone Resin 


Plastic-Material, Laminated, Thermosetting: 
Sheets, Cotton-Fabric-Base, Phenolic-Resin 


Plastic-Material, Laminated, Thermosetting, 
Sheets, Paper-Base, Phenolic-Resin 


Plastic-Material, Laminated, Thermosetting, 
Sheets, Glass-Cloth, Melamine-Resin 


Plastic-Material, Laminated, Thermosetting, 
Sheets, Nylon Fabric Base, Phenolic-Resin 


Plastic-Materials, Laminated, Thermosetting: 
Rods and Tubes 


Plastic-Materials, Molding, and Plastic-Parts, 
Molded; Thermosetting 


Insulation, Electrical, Mica (Group M) 
Insulation, Electrical, Glass-Fiber, Untreated 
Insulation, Electrical, Cotton-Fiber, Untreated 


Insulation, Electrical, Asbestos-Fiber, Treated 
and Untreated 


Dielectric Material, Polyethylene 
Insulation, Electrical, Plastic-Sealer 
Cambric, Insulating, Varnished 


Tape, Insulating, Electrical, Pressure-Sensi- 
tive, Adhesive 


Insulation, Electrical, Synthetic-Fiber, Un- 
treated (Group SFU) 


Insulation, Electrical, Glass-Fiber, Treated: 
Cloth, Tape, and Cordage (Resin-Filled) 


Insulation, Electrical, Glass-Fiber, Varnished 
(Group GFV) 


Insulation, Electrical, Synthetic-Fiber, Treat- 
ed (Group SFT) 


Insulation, Electrical, Sleeving, Flexible, 
Treated 


Insulation, Electrical, Liquid, Impregnating, 
High-Temperature 


Insulation, Electrical, Coil and Slot, High- 
Temperature 


Insulation, Electrical, Pasted-Mica 
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Table If — New Plastics Dielectric Materials 
Covered by Military Specifications 









Material 


Phenolic-asbestos 
molding compounds 











Glass-silicone 
laminated sheets 














Glass-melamine 
laminated sheets 







Phenolic-nylon 
laminated sheets 









Glass-melamine 
laminated rods and 
tubes 








Silicone-glass 
varnished cloths 
and tapes 











Mica-glass coil and 
slot insulations with 
silicone varnish 
binders and 
impregnants 







Silicone-glass 
treated sleeving 











Polyethylene 
dielectric material 








tape, film, and sheet 








Plastics pressure- 
sensitive-adhesive 
tapes 













Plastics sealer 
compounds 
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MIL-P-997 


MIL-P-15037 


MIL-P-15047 


| MIL-P-79 


17-1-45 


| 17-1-62 


17-1-48 





MIL-D-3054 


Polyethylene tubing, | JAN-1-631 
Type A 





MIL-I-3064 
HF) 
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and flame 
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| temperatures) 
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MFI-20) 





| Heat and moisture re- 
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manufactured from the phenolic-asbestos materials op- 
erated satisfactorily and reports of failures no longer 
came to the Bureau of Ships. In a simulated service 
test in which phenolic-asbestos and phenolic-cotton 
molded circuit-breakers were mounted side by side on 
a typical switchboard under short-circuit conditions, 
the marked superiority of phenolic-asbestos materials 
in flame resistance was graphically demonstrated. 

Basic properties of the phenolic-asbestos materials 
were determined in companion programs. Using the 
standard physical and electrical tests specified in Mil- 
itary Specification MIL-P-14A, conducted on stand- 
ard samples furnished by the manufacturers, the 
Material Laboratory, New York Naval Shipyard ob- 
tained the necessary information to establish require- 
ments in the specification for the two new types of 
phenolic-asbestos molding compounds known as Types 
MFI-10 and MFI-20. 

But material investigation did not stop there. Flame- 
resistance studies conducted by the Material Labora- 
tory, New York Naval Shipyard and the Bureau of 
Mines Central Experiment Station, Pittsburgh, on 
standard specimens indicated a marked superiority in 
flame resistance of the phenolic-asbestos materials. (1 )* 
Tests on circuit-breaker housings conducted by the 
General Electric Company in cooperation with Yale 
University confirmed these findings. (2) Shock-resist- 
ance tests on standard specimens at New York Naval 
Shipyard confirmed the results of standard Izod impact 
tests on materials. Additional shock tests on circuit- 
breaker housings established the phenolic-asbestos ma- 
terials as the equal of phenolic-cotton materials. (3) 
Tests conducted by the National Bureau of Standards 
for the Bureau of Ships indicated that the phenolic- 
asbestos materials were somewhat superior in Izod 
impact strength at temperatures as low as —55 C. (4) 
Weather aging of molded terminal bars for one year 
at stations in Panama, New Mexico, New York, Can- 
ada, and Alaska indicated little difference in the effects 
of weather on phenolic-cotton and phenolic-asbestos 
materials. (5) 


Qualification and Acceptance on a Batch Basis 


Specification MIL-P-14A (which covers the phen- 
olic-asbestos materials) has been lately revised so that 
the quality of the material is now controlled through 
qualification and batch-acceptance tests. Qualification 
tests are conducted prior to bid while the batch-accept- 
ance tests control the products actually furnished to 
molders. Elimination of qualification approval of mold- 
ers as a requirement of the specification has significantly 
increased the number of molders producing parts from 
the new improved materials. There has also been an 
increase in production and use of these materials. Parts 
produced by molders are controlled through actual tests 
under a pilot-lot and lot-acceptance procedure. Ap- 
pendix includes a guide to the tests, properties and 
requirements specified for various kinds of molded parts 
used in military applications. This information should 
be of value to material manufacturers; molders, equip- 
ment suppliers, procurement and inspection agencies. 

Phenolic-asbestos molding materials are gradually 
obtaining full-scale usage in Naval applications. They 






* Italic numerals in parentheses apply to references at end of article. 
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Table Ill — Military Specifications on 
Laminates 





MIL-P-997 (SHIPS)—Plastic-Material, Laminated Thermoset- 
ting, Sheets, Glass-Cloth, Silicone-Resin 

MIL-P-15037A —Plastic-Material, Laminated Thermoset- 
ting, Sheets, Glass-Cloth, Melamine Resin 


MIL-P-15047A —Plastic-Material, Laminated Thermoset- 


ting, Sheets, Nylon-Fabric-Base, Phenolic- 
Resin 
MIL-P-15035A - Plastic-Material, Laminated Thermoset- 
oe Sheets, Cotton-Fabric-Base, Phenolic 
esin 


MIL-P-3115A 


—Plastic-Material, Laminated Thermoset- 
ting Sheets, Paper-Base, Phenolic-Resin 


are now widely used in the electrical power and light- 
ing field for shipboard uses and their applicability in 
this field is increasing every day. (See Fig. 1.) They 
are being used in propulsion equipment, instrument 
meter frames, bus bar supports and fuse holders. Mold- 
ers are learning the know-how needed to mold these 
materials and as this fund of knowledge increases the 
field of applicability will undoubtedly expand. Some 
of these materials are somewhat more difficult to mold 
than phenolic-cotton materials and care must be taken 
to avoid “dry-spots” in the molding compound and 
to maintain dimensional tolerances in the parts. 

Glass-Melamine Laminated Sheets. Shipboard fires 
were also the cause for the development of glass-mela- 
mine laminates. Power and lighting control panelboards, 
made of phenolic cotton-base laminates, offered a 
serious problem because of their lack of fire resistance 
and arc resistance. Suppliers of laminates and of elec- 
trical equipment served on the Navy Panelboard Com- 
mittee appointed to study these problems. These man- 
ufacturers cooperated with the Bureau of Ships in 
all phases of the project—including the development, 
evaluation, application, and manufacture of the new 
material. 

Early investigations were concerned with a melamine 
resin-glass fiber cloth laminate, white in color. This 
material was poor in mechanical strength and bonding. 
Prior heat treatment of the glass-fiber cloth solved 
these problems, giving the electrical properties required, 


excellent mechanical strength and the desired resistance 
to flame. (See Fig. 2.) 


Panel Thickness Can Be Reduced 


This new laminate was applied to practically all 
power and lighting insulation panelboards and parts 
for fighting ships. Its uses were expanded to include 
some interior communication and electronic applica- 
tions and it was found to be satisfactory for most of 
such applications. It was found that while the glass- 
melamine material was heavier than phenolic-cotton 
laminates, the thickness of panels could be reduced 
when this material was used in lieu of phenolic-cotton 
laminates and still maintain the desired mechanical 
strength and shock resistance. 

Initial hesitancy on the part of some manufacturers 
to use this material because of machining problems was 
quickly overcome when instructions were prepared il- 
lustrating that all normal machining operations could 
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be performed satisfactorily with the use of the proper 
tools and techniques. 

Flame-resistance tests conducted by the Material 
Laboratory, New York Naval Shipyard, the Bureau 
of Mines Central Experiment Station (1), and I. T. E. 
Circuit Breaker Company (6) showed that the glass- 
melamine material was far superior to phenolic-cotton 
laminates in this property. Arc-resistance tests con- 
ducted by the Material Laboratory, the I. T. E. Circuit 
Breaker (6), and Westinghouse Electric Corporation 
showed that the glass-melamine material was far supe- 
rior to phenolic-cotton laminates in resistance to arcing 
under various conditions of voltage and current. The 
material should not be used, however, where sliding 
contact exists between insulating materials or between 
such materials and metallic parts, because of possible 
failure due to abrasion of the material. 

Moisture-resistance tests conducted by the Material 
Laboratory, New York Naval Shipyard (7), Johns 
Hopkins University (8), and I. T. E. Circuit Breaker 
Company (9) demonstrated that the glass-melamine 
material was superior to phenolic-cotton laminates in 
stability of its mechanical and electrical properties after 
long time exposures to high humidities (over 85 per 
cent RH). 


Higher Safe Operating Temperatures 


Heat-resistance studies conducted by the Material 
Laboratory (10), National Bureau of Standards (11), 
and North Carolina State College (12) proved that the 
glass-melamine laminates retained at least 50 per cent 
of their flexural and compressive strengths at 150 C 
after periods of exposure to this temperature varying 
from 1 hr to 72 days (the duration of the test). This 
temperature was about 50 C higher than the tempera- 
ture for equivalent retention of strength of the phen- 
olic-cotton material. At the critical thermal instability 
temperature of 240 C (the temperature at which weight 
loss increases rapidly with time, as defined in reference 
12), it was found that the glass-melamine material 
would retain at least 30 per cent of its flexural strength 
for periods up to 72 hr, even though it decreases sharp- 
ly in strength with longer exposure to this tempera- 
ture. Temperature for equivalent effects in the case of 
phenolic-cotton laminates is about 150 C. Glass-mela- 
mine laminates may be used successfully in applications 
up to temperatures of 130 C for continuous operation 
(5 to 7% years). 

Weather-aging tests indicated that the glass-mela- 
mine material was less affected in mechanical and 
electrical properties than phenolic-cotton laminates 
when tested after exposure for one year at stations in 
Panama, New Mexico, New York, Canada, and Al- 
aska. (5) Tests at the National Bureau of Standards 
showed that the Izod impact strength of glass-melamine 
actually increased as the temperature decreased to —55 
C; against this, phenolic-cotton laminate lost in impact 
strength as temperatures were lowered. (4) 

Specification MIL-P-15037A which covers the glass- 
melamine laminated material is one of a series of mil- 
itary specifications on laminated materials. This com- 
plete series is detailed in Table III. The specifications 
were developed as a result of a test program at Johns 


Hopkins University, conducted under the joint spon- 
(Continued on page 234) 
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MORE POWER: out of the 


same motor frame size 





Continuous rating of a mine haulage locomotive motor was 
made equal to the original NEMA 1-hr rating by adding forced 
ventilation and increasing the cross-section of the copper 
straps forming the field coils to reduce the current density. 


GROVER H. DETMER Mechanical Engineer, Mining Engineering Department, Jeffrey Manufacturing Company 


N THE design of d-c mine haulage motors 
there is a continuous struggle to pack more 
power into a limited space. The particular 
problem faced here was to increase the con- 
tinuous rating of a 75 C, 250-volt, 400 rpm 
d-c traction motor to equal its original NEMA 
l-hr rating, which was 115 hp. This was to be 
done without making any changes in the frame 
dimensions or magnetic circuits and the design 
was to be adaptable to existing machines if 
possible. The problem was worked out in two 
steps: adding forced ventilation for more rap- 
id removal of heat losses, and increasing the 
cross-sectional area of copper in the field coils 
so as to maintain substantially the same cur- 
rent density with one-third greater amperage. 
The original test motor was built entirely with Class 
B insulation in accordance with NEMA Standards for 
Mining and Industrial Electric Locomotives (NEMA 
Pub. No. MI 1-1950, dated April 1950). The motor 
met the standard NEMA 1-hr temperature limitations 
given in Table I. It will be assumed that the tempera- 
ture rise is the same for all cooling air temperatures 
between the limits of 10 C and 40 C set by NEMA. 
Although all temperature measurements were made 
with mercury thermometers, in no case did the resist- 
ance of any electrical circuit increase by more than 40 
per cent during the test. This is a further check on hot 
spot temperatures, which are limited to 130 C by AIEE 
standards for Class B insulating materials consisting 
of inorganic materials, like mica**afd’fibrous glass, 
with organic binders.* 
Under various loads, this motor was first ventilated 
with various quantities of cooling air so as to determine 





*For a complete discussion of temperature ratings of_motors, see 
“What is a ‘50 C’ Motor?”, ELrecrricaAL MANUFACTURING, July 1950, p. 
103 (reprint available). 
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the continuous rating of the motor under such condi- 
tions. The air entered the motor through the top com- 
mutator door, swept directly over the commutator and 
left the motor through holes drilled in the opposite or 
pinion gear end of the field frame. Results of these 
ventilation tests are illustrated by the curves of Fig. 1. 
In determining the continuous rating of this motor, care 
was taken to check the temperature both by thermo- 
meter and by resistance measurement of the various 
parts of the motor so as to determine the heat losses of 
the various motor parts under the different loads and 
cooling air conditions. 

The resistance method of measuring temperature was 
particularly advantageous in watching the heating trend 
of both the main field coils and the commutating or 
auxiliary field coils since both are quite inaccessible 
when the motor is operated under ventilated load con- 
ditions. Because of the nature of heat transfer through 
Class B insulation, a reasonable temperature would be 
observed on the outside of the field coils as measured 


Table I—Limiting Temperature Rise for Class A 
and Class B Insulation for 1-Hr and 
Continuous Ratings of D-C Motors 
Used in Mining and Industrial Loco- 
motives 


. Armature and field winding . puriacses = ee 

. Cores and mechanical parts in contact with or 
adjacent to insulation A 75¢c 

. Commutators ....... , 90c 

. Miscellaneous parts (such as brushholders, brushes, 
pole tips, etc.), other than those whose location is such 
that they may injuriously effect the adjacent insulation, 
may attain such temperatures as will not be injurious 
in any other respect 


NOTE: Temperature measurements shall be by the thermometer method, 
but in no case shall the resistance of any electrical circuit increase more 


than 40 per cent during test. (NEMA Standard MI 1-2.12) 
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by thermometer and yet by the resistance method, the 
coil would be found to be too hot. The difference de- 
pended upon the load and the amount of cooling air 
passing through the motor. It was also found that under 
ventilated conditions, it would take several hours for the 
outside of the coil to reach stable conditions as measured 
by thermometer, while by the resistance method stable 
conditions would be observed early in the test. Since 
the NEMA Standards allowed a 40-per cent maximum 
increase in resistance for any electrical circuit, volt- 
meters were placed across the main and commutating 
field circuits. In this manner a running check could 
be kept of the average heat trend by maintaining a 
record of the load in amperes and the voltage drop 
across each circuit. 

Armature temperature and corresponding resistance 
could be measured only with the motor stopped and 
rotor blocked. Then with load amperes flowing through 
the armature, the voltage drop across the armature 
under the brushes could be measured as well as the 
voltage drop through the brushes, if desired. 

An examination of Fig. 1 will show the following 
characteristics: When the motor was run with no ex- 
ternally supplied ventilation, but with the commutator 
doors removed, the armature temperature taken by 
thermometer or resistance was found to be the limiting 
factor as to the unventilated continuous rating of the 
motor. As soon as the motor was force ventilated, the 
armature was the first to benefit, and by the nature of 
their construction, the field coils became the limiting 
factor. This limiting temperature rise was invariably 
determined by the resistance method. An easy explana- 
tion could be that the exposed surface of the armature 
operating in the cool incoming air is larger when com- 
pared to the field coils whose outer surfaces only are 
exposed to air movement. 

These initial tests showed that the load current for 
a 75 C rise on the field coils could be raised from 135 
amp with no ventilation to 305 amp with 1000 cfm of air 
forced through the motor. But to give a continuous 
rating equal to the 1-hr rating of the motor, unventilated, 
would require that 400 amp be carried by the field coils 
without exceeding the 75 C rise. To accomplish this 
step, required further studies of 1?R losses in the coils. 
The problem reduced itself to getting in larger copper 
strap cross-sectional area with a minimum increase in 
overall coil size. To accomplish this, several items had 
to be considered relative to the electrical and mechanical 
makeup of the motor. 

First, a core loss test was run. The core loss analysis 





showed that the magnetic structures of the motor were 
well saturated when operated at the 400-amp 1-hr rating. 
The motor was being operated high, that is, near the 
flat of the saturation curve. This condition proved to be 
a stroke of luck in the process of increasing the con- 
tinuous ventilated capacity of this particular motor. 

It indicated that some adjustment in the ampere-turns 
relationship could be made without seriously affecting 
speed as a result of change in field strength. Using 
fewer turns of larger cross-section permitted the current 
density and hence heat losses in the coils to be lowered. 
This proved to be the main avenue of attack but entailed 
consideration of related factors. Only part of the gain 
could be made by using fewer turns as it was desired 
to leave the motor electrically the same as before. 


Overall Size Kept the Same 


With increased cross-sectional area of the copper 
strap in the field coils, increase in the overall size was 
indicated. Although these motors are built with a 
minimum of free space around the electrical parts within 
the field frame, some space became available, by juggling 
coil shape. Other factors such as manufacturing prob- 
lems, stock and supply parts problems also had to be 
considered. Since a mine haulage motor must operate 
under extreme moisture, vibration, dirt, and abrasive 
dust conditions, a minimum increase of overall coil 
size must be done without reducing the amount of 
insulation in any way. 

Taking advantage of the information obtained in the 
core loss test, it was found that four turns could be 
removed from the main fields with but a possible 3- or 
4-per cent increase in the full-load (400-amp) speed of 
the motor. Production test records of previous duplicate 
motors were checked for maximum and minimum speed 
to discover if the 4per cent increase of speed might 
exceed the allowable variation from the nameplate rating 
of some one motor. The average of the motors was 
found to be slightly under the nameplate speed, so that 
even a slightly fast motor with the 4-per cent increase 
would just be within the NEMA allowances. Removing 
four turns from the coil and using the larger cross- 
sectional copper in the new coil would result in the new 
main field coil weighing, and being approximately the 
same in size, as the original. 

Having established a solution for the main fields, 
how about the commutating coils? The same approach 
can not be used to solve the problem of the commutating 
fields except in some special circumstances. This motor 
definitely needed commutating fields of equal or greater 


Table 1l—Summary of Steps Taken to Boost Continuous Rating of Mine Haulage Motor 


Cooling system 


Original field straps, no ventilation «610 


1000 cfm vent. 


l-hr rating 


Cir mils 
per amp 


Continuous rating 
Cir mils 
per amp 


1810 


Strap area, Strap area, 


cir mils Amp 


~ 244,000. 135, 
305 





Larger field straps, 
1000 cfm vent. 
Actual 
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400 
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500 


8 


8 


Temperature. rise, C 





Continuous load, amp 






800 
Volume of motor ventilating air, cfm 


Fig. 1—Effect of forced ventilation on the continuous 
rating of a mine haulage motor having a l-hr rating of 
115 hp and field straps of 610 cir mil section per amp. 


strength to maintain a “black” commutator under full 
load. It happened that the commutating fields on this 
motor were flat wound, that is, the flat part of the copper 
strap was wound parallel to the pole axis. This had been 
done originally in order to use the same size copper 
strap on both the main and commutating field coils. 
In the redesign it was found, however, that it was very 
advantageous to use a copper strap of different size 
from that used on the main fields and go to an edgewise- 
wound coil. This change saved a substantial amount of 
space, and in the shop, edgewinding did not seem any 
more involved than winding the flat coil. The new com- 
mutating fields contain more copper than the old ones 
but the net manufacturing cost is approximately the 
same since less labor is required on the new coils. 

Some “keystoning” at the bends was experienced in 
edgewise winding the commutating fields. But aside 
from the fact that space had to be allowed for the key- 
stoning, no attempt was made to eliminate or correct 
this characteristic in this particular motor. The strap 
was thick in relation to the width and the bending radius 
was liberal. Should the keystoning later prove to be 
serious, an attempt will be made to buy copper with a 
keystone section or else the keystoning will be removed 
by rolling the coil section after forming. 


Analysis of Heat Losses 


It was expected that basically the maximum heat 
liberated from a field coil and carried off by the 
cooling air would approach some constant figure. With 
less load than this, the coil would cool; with more load 
than this the coil would overheat. From the first tests, 
some idea of this factor could be calculated for the 
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Fig. 2—Effect of forced ventilation on continuous rating 
of revamped d-c haulage motor with field copper of en- 
larged section to carry 400 amp at 830 cir mils per amp. 


original coils by the /?R heat formula. At the 400-amp 
l-hr rating of the motor, these field straps had a cross- 
sectional equivalent to 610 cir mils per amp. This gives 
244,000 cir mils copper cross-section per strap or turn. 
By test, (refer to Fig. 1) this motor was good for 305 
amp continuously with 1000 cfm of ventilating air and 
at this load the current density will figure 800 cir mils 
per amp (244,000/305). 

This figure is an index of heat dissipation with respect 
to J?R losses at the given ventilation rate. Therefore to 
carry 400 amp continuously with 1000 cfm of ventilating 
air at the same current density theoretically would 
require a strap cross-section of 400 x 800, or 320,000 
cir mils. Actually, by tentative calculations and with 
allowance for the removal of four turns, it was found 
that a strap of 332,000 cir mils area would give a good 
size for both the main and the commutating fields. This 
size gave a current density of 830 cir mils per amp at 
the anticipated 400-amp load. Coils were made of copper 
straps with this cross-sectional area for both the main 
and commutating fields. 

The new fields were installed in the motor frame with 
the original armature windings, and various runs were 
made to determine the continuous rating of the motor 
with the different quantities of ventilating air. The re- 
sults are shown graphically in Fig. 2. It can be seen 
that the motor is good for 420 amp continuously with 
1000 cfm of ventilating air. With a copper area of 
332,000 cir mils, this load comes out to 790 cir mils 
per amp. This variation from the original norm of 800 
is acceptable. 

From the point of view of supplying replacement coils 

(Continued on page 248) 
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TODAY'S 
PRODUCT 
DESIGNS 


Bag-Making Machine Has a 
D-C Adjustable-Speed Drive 


ESIGNED as a basic unit to be moved into a packaging 

line along with fillers, loaders and weighers to simu- 
late an automatic packaging line. This machine, made by 
The P-N-R Corporation, Cleveland, makes a bag of poly- 
ethylene and presents it for filling with wet or dry products. 
For full-range adjustment of speed, machine is driven by a 
d-c motor supplied by a rectifier and variable transformer. 
Electrical system is designed as a replaceable unit. All 
operating cams are on a single drive shaft eliminating need 
for adjustment or timing. 

Seals are made without folds or overlapping seams, at 
machine rates adjustable from 0 to 40 per min. Cam drive 
operates suction arms to open the bag for filling. Heat-seal- 
ing resistance unit reaches operating temperature in 10 sec, 
reducing warm up time. Speed and bag size are both ad- 
justable while machine is in operation. 


Thermoplastic bag material 
(flat-seat or half-tubing) is 
taken from roll past a con- 
tinuously heated wire seen 
in view above. In closing the 
clamps on the bag material, 
heated wire severs bag from 
roll stock and seals severed 
edge. This type of seam 
eliminates overlays and flaps. 
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New Electric Range 
with Divided Oven 


fps separate oven-cooking opera- 
tions may be conducted at the 
same time in this new range developed 
by Frigidaire, Dayton, Ohio. Separate 
controls are provided for upper and 
lower oven compartments; by lowering 
the center section, space is converted 
into a single oven 25 per cent larger 
than standard ovens in earlier models. 
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Cooking top, front control panel and high back- 
splasher are one piece; switch knobs are lighted to show 
which surface units are in operation and the cooking 
heat; oven controls are on backsplasher. Cooking top is 
lighted by a fluorescent lamp; full width utensil drawer 
at bottom. New timer has an added speed for timing 
short intervals. Styling by Raymond Lowey. 


Ultraviolet Light Source Uses Cold-Cathode Fluorescent Lamps 


OR INDUSTRIAL and technical applications, such 

as inspection, testing, product marking and fluoro- 
chemical analysis, this “black” light source, made by Sci- 
entific Instrument, Inc., Brooklyn, operates cool and is 
instant starting. Power consumption is 100 watts, only 
40 per cent that of a mercury lamp with the same ultra- 
violet output. Life expectancy is 10,000 hr, and unaffected 
by the number of “starts.” 

Radiation is produced by excitation of an ultraviolet 
phosphor in the long-wave invisible region of 3650 Ang- 
strom units. Beam spread of 120 deg can be reduced by 
an adjustable diffuser, and effective range is 20 ft in any 
operating position. 
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PRODUCT DESIGNS 


Mash Welding Machine Joins Steel Sheets for Continuous Rolling Mill 


LASH produced by convention- 
al resistance butt-welding meth- 
ods is eliminated by “mash” welding 
in which overlap is limited to 1.5 
times the sheet thickness, and weld- 
ing pressure increased. In this new 
welder developed by Sciaky Bros., 
Inc., Chicago, the two sheets joined 
are only slightly thickened at the 
weld. Clamping table locates sheets 
with proper overlap and holds them 
securely for welding by electrode 
wheels; two steel wheels then roll 
the overlap to a minimum thickness. 
Carriages for upper and lower 
heads each carry a welding electrode 
wheel followed by a steel roll; heads 
are driven across work by lead- 
screws. Pressure for each wheel is 
introduced by air cylinders on the 
upper head. Clamps for holding 
work in place are operated by d-c 
electromagnets. 
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In operation, ends of the sheets 
are inserted against a stop, and a 
single control button starts an auto- 
matic cycle including clamping, 
rocking ends to desired overlap and 
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cross feed of welding and rolling 
heads. Welding heat is controlled by 
phase shift; welding speed is 100 in. 
per min for two 0.020-in sheets of 
pickled mild steel. 
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Molded Plastics Skirt 
Aids Styling of Washer 


EW wringer-type washing machine recently introduced 

by the Thor Corporation, Chicago, IIl., has a one-piece 
skirt and legs of molded glass-reinforced polyester resin. 
Change to plastics, initiated as a design project more than 
two years ago, was to permit form and styling not practica- 
ble with conventional approach. Material is given a baked 
white enamel finish; structure is lighter than steel, with a 
surface not subject to damage by chipping or high humidity. 
Tub is porcelain-enamelled steel. Designed by Thor engi- 
neers and Banka-Mango, consultants. Full-skirted machine 
weighs no more than earlier models with half-skirts and 
separate legs. Built-in overload device has signal light and 
reset button on small panel on front of machine. 
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Double-Pulse Generator for Testing Performance of Electronic Circuits 


INGLE or multiple pulses of adjustable duration, 
amplitude, width, spacing and polarity are produced 
for testing resolution of scaling units, simulating the 
response of scintillation and proportional counters, 
checking amplifiers and measuring response of switches. 
Each pulse is produced by a univibrator generating a 
signal increasing linearly with time. Two gas-tube pulse 
generators are then individually adjusted to trigger at 
specific values of this rising voltage, thus giving pulse 
spacing. Pulse width is adjusted by varying the pulse 
generators, and outputs from both generator are mixed; 
output is applied through a polarity-selecting coupling 
system to a variable attenuator and then to the output 
terminal. Power input is 90 watts. 

Pulses may be single or double, positive or negative, 
with spacing, amplitude and width continuously vari- 
able. Rise time is 0.05 microsec; decay time 0.10 micro- 
sec. Repetition rate adjustable from a single pair of 
pulses up to 1000 cps by internal or external-signal con- 
trol. Panel size is 8 x 13 in.; weight, 18 lb. Developed 
by Berkeley Scientific Co., Richmond, Cal. 
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Applying magnetic amplitiers-Ul 


Modes of operation for simple 


ing the mode of operation of saturable reactors 
and of calculating their performance. A satisfac- 
tory empirical approach assumes sinusoidal conditions 
and uses a set of no-load characteristics and a load line, 
as described in the previous section.* Once the no-load 
characteristics of a particular core material and core have 
been determined, they can be translated to another core 
size or stack by simple scaling or extrapolation. Con- 
trol power can readily be determined from the design 
data, and the response time, etc., can be found from 
other empirical data, such as that in Fig. 7.* 
Performance can also be calculated from incremental 
permeability data. But due to the effect of the a-c cur- 
rents in the’ output windings on the a-c permeability, 
this is a laborious cut-and-try process. Furthermore, 
scaling procedures cannot be used for changes of de- 
sign; an entirely new set of calculations is required. 
Both the above methods of analysis assume unrealistic 
sinusoidal conditions. A third approach, which is quite 
simple and gives fairly good approximations, takes the 
non-sinusoidal conditions into account and offers an in- 
sight into the actual mode of operation, including the 
transient response. There are important differences in 
the operation of saturable reactors depending on whether 
the a-c coils are connected in series or parallel. There 
are no substantial differences in principle or operation 


* EvectricaL MANUFACTURING, March 1951, p. 94. 


r | YHERE ARE several possible methods of analyz- 
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FOR LOW CONTROL CIRCUIT IMPEDANCE 
SWITCH S CLOSED, Rc'<<Ri. 


FOR HIGH CONTROL CIRCUIT IMPEDANCE 
SWITCH S OPEN OR Rc'®R-. 





Fig. 14—Simple saturable reactor circuit shown as two 
reactors connected in series with low and high control 
circuit impedance. 
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resulting from the variations in magnetic structure (see 
Figs. 24 and 25) but there are several points of prac- 
tical importance. 

In the series connection, Fig. 14, each of two reactors, 
REAC-1 and REAC-2, is essentially a two-winding 
power transformer with output windings X1-X2 con- 
nected in series aiding. The Y/-Y2 control windings are 
connected in series opposing so that the fundamental 
frequency voltages induced in them cancel each other, 
as do any odd harmonic voltages. Even harmonic volt- 
ages add, however, and may result in an even harmonic 
current circulating in the control circuit. In operation, 
the effect of the direct current in the control circuit 
(comprising the battery F,, the resistor R, and the two 
Y1-Y2 windings) is saturation of the cores, resulting in 
an increase of a-c load current /,. The manner in which 
this effect is obtained depends in large degree on the 
harmonic currents in the control windings. 

The extent to which even harmonic currents will flow 
in the control windings depends on the circuit imped- 
ance. In the normal case, when the saturable reactor is 
being used to amplify the signal power level, the control 
circuit impedance is very low. When the saturable re- 
actor is being used as a d-c “current transformer,” the 
control circuit impedance is generally quite high. In the 
former case, unconstrained or “natural” magnetization 
of the core results, while in the latter instance the mag- 
netization is said to be constrained or “forced.” The 
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Fig. 15—Magnetic characteristics of core materials for 
simple reactors. (4) Typical commercial core material; 
(B) ideal material with saturated flux. 
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modes of operation are quite different in the two cases. 
Either type of operation can be obtained with the cir- 
cuit of Fig. 14 by using an appropriate value for the 
relative control circuit resistance defined in the figure. 
If it is inconvenient to obtain a high control circuit re- 
sistance, choke L, may be used to suppress the circulat- 
ing harmonic currents. 


Low Control Circuit Resistance 


Mode of operation with low control circuit impedance 
can be examined by assuming that the control resistance 
is negligible. If this is so, then when either REAC-1 
or REAC-2 is saturated, the other reactor is effectively 
short-circuited. For example, if REAC-1 is saturated, 
its control winding has no impedance, and the Y1-Y2 
winding of REAC-2 is short-circuited, since there is no 
other impedance in the control circuit. With Y1-Y2 of 
REAC-2 shorted, X1-X2 of this reactor cannot support 
any reactive voltage, so that all of the supply voltage 
must appear on the load Ry. The load current flowing 
through REAC-2 induces a current in Y1-Y2 in the 
control circuit. Since the core of REAC-1 was assumed 
saturated, the load current does not induce a secondary 
current in it. It follows that when the core of either 


LINE VOLTAGE 


LOAD VOLTAGE I, R, 


REACTOR VOLTAGE 


Fig. 16—Theoret- 
ical voltage, flux 
and current wave- 
forms in simple 


series - connected 


reactor circuit, 

with low imped- 

ance control cir- 
cuit. 
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Synopsis 

After discussing rating factors and application 
data for simple saturable reactors in Part I, the 
authors analyze ideal and practical modes of oper- 
ation of these components of magnetic amplifiers. 
To do this, B-H curves of idealized magnetic core 
materials are assumed so that voltage and current 
waveforms can be visualized for sinusoidal and 
nonsinusoidal conditions. From the derived flux 
waveforms it is demonstrated that current in the 
load circuit induces pulses of current in the con- 
trol circuit. For series-connected power coils, the 
pulses are unidirectional; for parallel connections, 
opposed. Conditions are examined for reactors used 
as amplifiers having very low control circuit im- 
pedance and when used as d-c “current trans- 
formers” when the control circuit impedance is 
quite high. Three regions of operation are con- 
sidered: proportional region and the high and low 
limits, namely the saturation region and the ex- 
citing-current region. Part II is concluded with a 
discussion of limitations of theoretically possible 
magnetic arrangements and electrical circuits as 
a basis for establishing practical constructions. 
Basic principles are dealt with to aid the applica- 
tion engineer in selecting magnetic amplifiers and 
saturable reactors as components in control sys- 
tems, rather than the designer of such electrical 
components. 





reactor is saturated, the other is shorted and the com- 
bination can support no reactive voltage; hence the en- 
tire supply voltage must appear on the load resistance. 
Conversely, if both cores are unsaturated and their ex- 
citing current is small enough to neglect the voltage 
drop on Ry, all of the supply voltage appears on the 
reactors. 

A further corollary of the assumption of low control 
resistance is that when the reactors are unsaturated, the 
supply voltage divides equally between the X1-X2 wind- 
ings of each. If this were not true, the Y1-Y2 voltages 
would be unequal and, instead of cancelling, would re- 
sult in a circulating current which would restore the 
equilibrium. This may be more evident if the connection 
is regarded as one in which the secondaries of two power 
transformers are connected in parallel while the pri- 
maries are in series. 

In order to simplify the explanation of the mode of 
operation of the series-connected reactor with low con- 
trol resistance, the characteristics of the magnetic core 
material will be idealized as shown in Fig. 15. Charac- 
teristic (B vs. H) curves of a magnetic material which 
might be used in the cores of the reactors of Fig. 14 
are shown at A, together with characteristics of reactors 
made with this core material (flux linkages Ny vs. 
ampere-turns N,/J,). Performance curves of a typical 
unit given in the previous section and in later figures of 
this section are based on actual core characteristics. 

The waveforms found in the series-connected reactor 
with low control circuit impedance are shown in Fig. 16, 
which should be studied in connection with Fig. 14. 
Following 6 = zero, the voltage from terminal 2 to 
terminal 1 will be positive and vary according to Em 
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120 V./20a 


120 V./24a 


120V./30 a 
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PROPORTIONAL REGION 


EXCITING-CURRENT REGION 
-0.3 -0.2 -0.1 o Of 02 03 04 0.5 O06 


AVERAGE CONTROL CURRENT— AMP. 


Fig. 17—Control characteristics of simple saturable re- 
actor in exciting current region, proportional or normal 
operating region and saturation region. 


sin 6. Reactor windings X1-X2 will develop inductive 
voltages equal to the supply voltage. The exciting cur- 
rent of the reactors will flow from terminal XJ to ter- 
minal X2. The magnetomotive force of the control 
windings add to that of the output winding in REAC-2 
and subtract from it in REAC-1. Hence REAC-2 will 
be likely to saturate while REAC-1 is becoming unsatu- 
rated. Let it be assumed that conditions are such that 
REAC-2 saturates an angle «. When this happens, all 
of the supply voltage appears on the load. The load 
current, flowing in the X1-X2 direction in unsaturated 
REAC-1, induces a current in the Y2-Y1 direction in 
the reactor secondary. This current is in the same di- 
rection in the control circuit as the average current J,. 
Because of the current-transformer action, the instan- 
taneous magnitude of the induced currents are given by 
the relation : 


Reactor 2 will remain saturated as long as the supply 
voltage is positive. As the supply voltage reverses at 
6 = z, the reactor will become unsaturated and the load 
current will again be small until REAC-1 is saturated 
at angle (« +2). That REAC-1 must become saturated 
exactly 14 cycle (w radians) after REAC-2 is evident at 
B in Fig. 16. For values of @ between 0 and a, the 
reactors change their flux linkages so that each drops 
one-half of line voltage. The total flux change over this 
interval is given by the area under the voltage curve. 
During the next alternation, a flux change of opposite 
algebraic sign occurs which must be of exactly equal 
magnitude if the reactors are not to build up a d-c com- 
ponent of flux from the a-c supply. This cannot occur 
in a circuit with constant resistance. Areas 1 and 2 of 
Fig. 16 B are thus equal and saturation of reactor / 
must occur at angle (« + 7). 

When REAC-1 saturates, the load current flowing in 
the X2-X1 direction in REAC-2 induces a current in 
the Y1-Y2 direction in the control winding, the same as 
the direction of the average control current J,. This is 
shown at E in Fig. 16. There are two unidirectional 
pulses of current in the control circuit every cycle. 
Following (« + 2), REAC-1 remains saturated until 
6 = 2m, the load voltage is equal to the supply voltage, 
and the reactor voltages are zero. It will now be 
evident that since REAC-1 is saturated at the end of the 
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second alternation, it is also in this condition at the start 
of the first alternation. This cycle of events recurs peri- 
odically. 

It remains to develop the relation between control 
current and load current under equilibrium conditions. 
As shown in Fig. 16 E, the even harmonic current 
pulses have an average value J.N,. Obviously this d-c 
component cannot be supplied by transformer action 
from the a-c side but must result from the control volt- 
age E,. Since the load current is related to the pulsating 
control current by the current transformer action of the 
unsaturated reactor, the rectified average value of the 
load current is related to the average control current 
as follows: 
inNi InN. 

— 


I, = Average (i.) = Average ( 


e 


Proportional region. This relation is often called 
the law of equal ampere-turns since the average load 
winding ampere-turns is seen to be equal to the average 
control winding ampere-turns. It is the basic relation 
for saturable reactors, but must be applied with judg- 
ment. The region in which it applies is known as the 
“proportional” region of operation. It does not apply in 
the saturation region and in the exciting current region. 

Saturation Region. The maximum average current 
which can flow in the load resistance is that which 
would be obtained if the reactors were not in the circuit. 
This current is: 

2 EB. 
Iimaz = " 
wr Ry 


In a saturable reactor circuit with theoretically per- 


(A) TOTAL FLUX LINKAGES 
VERSUS @. 


i) FLUX LINKAGES VERSUS 
| AC AMPERE-TURNS. 


(C) AC AMPERE-TURNS 
VERSUS @. 


Fig. 18—Waveforms in reactors. (A) Assumed sinusoidal 

flux linkage variation. (B) Combined magnetic character- 

istics of two series-connected reactor cores as in Fig. 14. 

(C) Waveform of a-c ampere turns to give sinusoidal 
flux linkages. 
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fect core material, this current would be obtained when 


Ny 2 Eu 
N- TT Ry 





I,= 


in accordance with the equal ampere-turn relation. As 
previously shown, in practical saturable reactors with 
resistive load and conventional core material, the maxi- 
mum obtainable value of output current is 90 to 93 per 
cent of the theoretical value for both average and rms 
output. 

Exciting Current Region. The law of equal ampere- 
turns would apply for any load current less than the 
saturation value were a core material such as that 
idealized at B in Fig. 15 physically realizable. Since 
all real magnetic materials require a finite magnetizing 
force, the load current J; cannot be reduced to zero, as 
the equal ampere-turns relation would require for 
I, = 0. Rather, for this condition, the load current will 
be equal to the exciting current. By designing the re- 
actors to operate at an appropriate flux density and se- 
lecting appropriate core materials, it is possible to hold 
the minimum current to a value appropriate for the ap- 
plication. Normally, this would be 10 per cent of the 
rated current, (1 per cent minimum power) but in 
special cases it may vary from 31 to 1 per cent (10 
down to 0.01 per cent minimum power) of the rated 
current. 

The three regions of operation are shown in the curves 
of output current vs. control current of Fig. 17. The 
theoretical saturation outputs are found by dividing the 
rectified average value of the supply voltage by the total 
circuit resistance, including that of the output windings, 


LINE VOLTAGE 
TOTAL FLUX LINKAGES 
LOAD CURRENT 


ew peM*toNc (a) Lime VOLTAGE, TOTAL FLUX LINKAGES 
@= AND LOAD CURRENT VERSUS @ 
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(8) LINE VOLTAGE AND OUTPUT 
VOLTAGE VERSUS @. 


(C) REACTOR FLUX LINKAGES 
VERSUS 6. 


(0) CORRESPONDING VALUES OF 
OUTPUT VOLTAGE AND 





Fig. 19—-Waveforms in a series-connected saturable re- 
actor with high control circuit resistance. Load current 
and voltage are seen as square waves. 
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rectifier, meter and load resistor. The average value of 
the 132-volt rms supply voltage is 120 volts, giving a 
theoretical saturation output of 6 amp average for a 
20 ohm total load resistance. The corresponding excit- 
ing current is approximately 0.4 amp average. Between 
the limits the equal ampere-turns relation is seen to 
apply to a reasonable approximation. 

High control impedance can be obtained in the cir- 
cuit of Fig. 14 by making 


Ni? 
R. —) =R, » Rt 


c 


or by opening switch S and introducing the reactor L, 
in the control circuit. Generally, this circuit is employed 
in metering a large direct current J. so that N, might 
be one turn or at most, several turns. Here, power gain 
is not the object, and to enhance the accuracy the max- 
imum load voltage is kept considerably below the line 
voltage. It simplifies the analysis to consider that the 
load voltage J;,Ry is small, but not necessarily negligible. 

If the load voltage is small, the sum of the two reactor 
voltages must be equal to the a-c supply voltage at all 
times. This leads to the statement that the variation of 
total flux linkages with @ is necessarily sinusoidal, as 
shown at A in Fig. 18. In the presence of a control 
current /,, the individual core characteristics given in 
Fig. 15 appear as at B in Fig. 18. The ordinate is the 
total flux linkages in the cores, Ny,®, while the abscissa 
is the average load winding ampere-turns NyJ/,. It will 
be seen that the cores are saturated by /,.N. and that no 
flux change can occur in either core unless the load 
winding ampere-turns are approximately equal in mag- 
nitude and opposite in direction to the control ampere- 
turns. Briefly, the net ampere-turns must be zero at 
any instant when there is a flux change in that core. 
Since flux linkage changes occur continuously, one of 
the cores must be unsaturated at all times. Thus the 
load current must switch between limits at which in- 
stantaneously 


as the flux linkages alternate from positive to negative 
and vice versa. This is shown at C in Fig. 18, in which 
the load current approaches a square wave in the ideal 
case, with amplitude given by the equation above. The 
rectified average load current will have a value equal to 
the amplitude of the square wave a-c current: 


I.N-. 
Nu 





I= 


The equal ampere-turn relation is seen to apply to 
the high control impedance case as well as when the 
control impedance is low. In both cases it is attributable 
to effective current transformer action in the unsaturated 
core. 

Because the assumption of low output voltage was 
made to justify a sinusoidal flux linkage change and sim- 
plify the construction of Fig. 18, it is not known what 
range the equal ampere-turn relation is valid for this 
case. The presence of the exciting current region will 
set the lower value of output current for which the rela- 
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Fig. 20—Output current vs control current of series- 
connected reactor with high control circuit resistance. 


tion holds. The theoretical upper limit can be deter- 
mined by reference to Fig. 19, which shows the wave- 
forms encountered in a series-connected staturable re- 
actor with high control impedance when the load volt- 
age is not small. Switching occurs at angle a, and the 
output current is a square wave, as is the output voltage. 
The angle a can be determined from B by noting that 
the net flux change in either reactor due to the alter- 
nating current must be zero. In the case of reactor /, 
this statement means that areas J] and 2 must be equal. 
Thus, by integration of the expression 


(E,sin 6 - I,Rz,) d@ = O between aanda +r 


miypRy = IyLRi 


cosa =. = 
2En Ease 
This defines the locus of « versus ],Ry shown at D in 
Fig. 19. The square wave of output upon which the 
equal ampere-turn relation is based will be obtained only 
if JL.Ri < E m sing. The limiting condition is shown as 
a,. At this limit: 


IyRy < Em sin a 
Bie sin a3 >= TiRy 


2Em 
TLRu 
Tv 
a3 = tan! — = 32°27’; ILRy = 0.536 Em = 0.844 Eas 
T 
In principle then, the saturation region will be entered 

when the load voltage becomes 84 per cent of its theo- 
retical maximum value. Generally, in metering applica- 
tions to improve the accuracy, the load voltage burden 
is kept at considerably lower percentages of the max- 
imum value. 
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Fig. 20 shows the rectified average output current /, 
vs the control current /. of a series-connected reactor 
with high control impedance. Equivalent control circuit 
impedance, referred to the output winding, is calculated 
on the chart. Compared to the load resistance, this 
value of 3940 ohms is sufficient to give the mode of 
operation described and a square-wave output current. 
That this unit was designed for metering service is 
indicated by the small exciting current of 0.005 amp 
compared with the rated output of 0.800 amp and by 
the linearity of the control characteristic. Relative free- 
dom from effects of supply voltage changes is also 
seen in Fig. 20. 

There are two cases to be considered for a parallel- 
connected saturable reactor, shown in Fig. 21. One is 
where the load resistance is quite small, such as would 
be found if the circuit were used for metering a direct 
current ; the other is where the saturable reactor is being 
used as a power amplifier with the larger values of Ry. 
The latter case is the simpler one. 

Normal Values of Ry. When either reactor in Fig. 21 
is saturated, the X7-X2 winding of the other one is 
short-circuited, and all of the supply voltage must appear 
on the load. This condition was found also in the series 
circuit of Fig. 14 when the control circuit resistance 
was small. With the parallel connection, there need be 
no net induced voltage in the control circuit and there- 
fore no circulating even harmonic currents. Before fir- 
ing, each reactor is connected to full line voltage. With 
these exceptions, all the waveforms of Fig. 16 apply here 
also. Accordingly, when the flux linkages in REAC-2 
reach saturation at angle «, the entire supply voltage ap- 
pears across the load, with the load current being car- 
ried by the saturated reactor. This is shown at B in 
Fig. 22. One alternation later, at angle (« + 7m) 
REAC-1 saturates and carries the load current, as 
shown at C. During the time the reactors are unsatu- 
rated, the ampere-turn balance relation is established. 
This is because the net ampere-turns on the unsaturated 
cores must approach zero to permit the flux linkages to 
change under the influence of the a-c voltage. The un- 
saturated intervals during which ampere-turn balance 
conditions must exist are shown at B and C as areas 
1, 3, 4, 5, 6 and 7. During these intervals the average 
load ampere-turns must balance the control ampere- 
turns at the saturated condition, the load current must 
be in the opposite direction, since neither 7, nor 7, can 
have a d-c component when integrated over a complete 
cycle. The magnitude of the rectified average load cur- 
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Fig. 21—Simple saturable reactor circuit shown as two 
reactors connected in parallel. 
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L- Fig. 22—(Left) Theoretical voltage and current waveforms of parallel-connected saturable reactor with normal load 
resistance. Fig. 23—(Right) Flux and reaction current waveforms in simple parrallel-connected saturable reactor circuits. 
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. rent, /;, is given by the sum of the individual pulses: There are many possible variations in the magnetic 

i and electric circuits of saturable reactors. Some are 

S 2 vat pi be - 2+area 6) +(area 3 +area 7) + practical and are in use, but most are unsatisfactory 

e area 4+area b : : 

. : ‘ | All must meet the basic requirement that fundamental 

: UD ESOS OS, EF CRT OP frequency voltages must not appear at the control cir- 

* 2  Iy,= (area 2+area 6) + (area 4+area 8) cuit terminals. Several of the possible variations are 

h Substituting from the first two equations for Areas 2 Shown in Figs. 24 and 25 and may be classified as 

. and & follows : 

9 1. Magnetic circuit 

. 2a], = (areas 1+3+4+6)+(areas 4+5+6+7) a. Two core-type reactors 

% IN. IN. b. One three-legged reactor 

. 2nl,=2n — +2" = c. One four-legged reactor 

) _ oe 2. Output winding connection 

S 7 I.Ne a. Series 

/ ae eae b. Parallel 

1. c. Common coil 

d This expression for the equal ampere-turns relation 3. Control winding connection 

0 for the parallel connection results in a reactor current a. Series 

- exactly the same as in the series connection except for b. Common coil 

e the factor of 2. While the load current has increased to —_ J, addition, minor variations can be made in the three- 

S twice the reactor current, the reactor voltage has in- 444 four-legged structures by altering the mechanical 

3 creased from half line voltage to full line voltage. The disposition of the windings and by interchanging the a-c 

- kva rating of a saturable reactor remains the same, versus d-c functions of the coils. 

t whether the output windings are connected in series or 

1 parallel. Alternate Magnetic and Electric Circuits 








Small Values of Ry. The circuit of Fig. 21 applies 
again. If Ry is so small that virtually none of the supply 
voltage can appear across it, the flux linkage variation in 
each core must be sinusoidal. This is shown at A in 
Fig. 23. With known flux linkage variation in the cores, 
it is a simple matter to arrive at the wave form of the 
load winding ampere-turns, if the shape and displace- 
ment of the flux-linkage versus ampere-turn curves are 
assumed as at B. The resulting waveforms of Nyji, and 
Nyt, are shown at D. The similarity of the average 
values of these current waveforms to those found previ- 
ously for high values of load resistance are obvious. As 
before, ampere-turn balance is established during the 
unsaturated portion of the cycle and is on a per-reactor 
basis, so that the rectified average load current is: 


Ty = 2I.N./Ni 
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This multiplicity of choices of circuit arrangement 
might lead to much confusion, except that many of the 
theoretically possible arrangements are clearly imprac- 
tical of manufacture, while others have undesirable 
electrical features, summarized below: 


1. Induced voltages in the control coils: It was shown 
that there are intervals when either one or both reactors 
are unsaturated, and when the core flux linkages were 
changing. With the two-reactor arrangement, this re- 
sults in fundamental-frequency induced voltages in the 
individual coils. These voltages cancel with respect to 
the terminals, but there may be an insulation problem 
in the individual coils. For instance with the 132-volt 
series-connected reactor described in the second exam- 
ple, at minimum output each winding drops 66 volts. If 


(Continued on page 240) 
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New developments in 


xed resistors for electronic 


BECAUSE of small size and low cost, 
carbon composition fixed resistors con- 
tinue to be the most widely used for 
Signal Corps and industrial electronic 


equipment for ratings from % to 2 watts 
and resistance values from 10 ohms to 20 
megohms. Where higher stability, lower tem- 
perature coefficient and closer tolerances are 
required only wire-wound resistors have been 
acceptable until recently. But three new 
types—deposited-carbon, metal film and boro- 
carbon—combine the stability and accuracy 


closely approaching wire-wound resistors and 
the small size and low cost of carbon composition 
resistors. 


Two categories of fixed resistors are used in Signal 
Corps electronic equipment: wire-wound and _ non- 
wire-wound or composition. The former includes pre- 
cision and power types, while the latter includes 
ordinary carbon composition and high-stability film 
types. Prior to the development of the high-stability 
resistors, the nonwire-wound category consisted only of 
the carbon composition type (JAN-R-11). Because of 
low cost and wide range of resistance values, this type 
continues to be the most widely used general-purpose 
resistor for both military and industrial equipment. 

For precision wire-wound resistors, the d-c electrical 
performance is satisfactory; for all practical purposes, 
characteristics common to carbon composition resistors, 
such as noise and lack of stability, are absent. Tem- 
perature coefficient of resistance and tolerances are the 
major variables and these can be predicted to a satis- 
factory degree. Performance depends mostly on how 
adequately the wire is protected against climatic condi- 
tions and the care exercised in winding to avoid shorted 
turns or open circuits. Resistance wire currently avail- 
able has all the necessary electrical characteristics for 
precision high-stability d-c applications. 

Disadvantages of accurate wire-wound resistors are 
large size and high cost (both directly proportional to 
the resistance value), the strategic nature of resistance 
wire during an emergency, and the upper temperature 
limit of 105 C. These disadvantages were the con- 
tributing factors responsible for the development of the 
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new high-stability film types which are reviewed here. 

Advantages and disadvantages of the carbon composi- 
tion resistors are essentially the reverse of those for the 
wire-wound variety. Small size and low cost are very 
desirable, and remain the same for ratings from ™%4 to 
2 watts, over a resistance range of 10 ohms to 20 meg- 
ohms. But these resistors are unsuited for equipments 
requiring high accuracy and stability since electrical 
performance and long time stability in use or on the 
shelf cannot be predicted. 

Demands for improved general-purpose resistors, es- 
pecially in military equipment, are continually becoming 
more numerous with more rigid specifications, and 
with increasing need for miniaturization and wider tem- 
perature limits. During the last war temperature limits 
were —40 C to 85 C; today desired limits are —65 C to 
200 C. With the exception of power wire-wound re- 
sistors, the 200-C limit has proved difficult to attain 
for an economical item which can be mass produced. 
Deposited carbon resistors for 200 C have been devel- 
oped using special oxide barriers such as glass seals 


——_2—__—_— 





Fig. 1—Deposited-carbon resistors in ratings of 4%, 1 
and 2 watts, developed by Bell Laboratories. Carbon film 
is deposited on a ceramic base and fired. Film thickness 
determines minimum resistance value; machined spiral 
fixes higher values. Hermetic unit below is sealed in glass. 
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Fig. 2—Eight steps in making a metal-film resistor. From 
left to right (above): ceramic base, unfired metal film, 
fired film, silvered ends, vitreous enamelled, ends capped, 
resistance path spiralled, and finished resistor. Developed 
by Continental Carbon in ratings of %, 1 and 2 watts 
(right) resistor is stable at 150 C. Size comparison, left, 
(far right) for a 4% watt and 0.3 megohm resistor, shows 
miniaturization possibilities compared with a wire-wound 
type. 

















and special protective coatings. However, cost is high 
and production problems are considerably greater. 
Probably the most satisfactory type of fixed resistor 
is the power wire-wound (JAN-R-26A). In this type, 
the wire can be protected by a coating of vitreous 
enamel fired on at a high temperature without adversely 
affecting the resistor performance. Application of the 
vitreous enamel may alter the initial calibration to some 












extent, but not beyond the required tolerance of 5 per 2. Resistors capable of operation at temperatures be- 
cent. In all cases, the materials used are inorganic and tween —65 C aed MOC 
withstand operating temperatures of 275 C. Normally 3. Suitable aubatiOutss for arcasete -elvoqeded ex 





the wire is wound in a single layer, and therefore re- 







. : ; sistors. 
quires no insulation. 4. Carbon composition or general-purpose resistors, 
Signal Corps Sponsors Research with improved electrical performance, temperature 





range and long-time stability. 
5. Adequate protection for wire on accurate wire- 
wound resistors. 
. Special resistors for high frequency. 
Miniaturization of power wire-wound resistors by 
using smaller diameter wire and materials with 
higher operating temperature; or development of 
nonwire-wound power resistors. 


The resistor development program carried on by the 
military services subsequent to the war has employed 
the coordinated efforts of the services and industry, 
through the Subpanel on Resistors, Panel on Com- 
ponents, Electronics Committee, of the Research and 
Development Board.* The findings of the Subpanel in- 
dicated that fixed resistor research and development 
were needed along these lines: 


1. Miniature high-temperature resistors for printed 8. Miniaturization in general. 
clienite 9. High value resistors (108 to 10 ohms). 
S. 0 


aoa 10. New resistor materials. 


* “Teami y 3 ) se / cies,” i TS LEC . ie : . . . rae 
wie ee a Considerable importance is attached to Item 8. While 
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miniaturization is not the sole aim in the fixed resistor 
development program, it is specified in every develop- 
ment specification. 

Principal development effort of the military services 
in recent years has been directed toward high-tempera- 
ture, high-stability, nonwire-wound resistors. The “de- 
posited carbon” resistor was the first one of this type, 
introduced here by the Bell Telephone Laboratories 
during the last war. Fig. 1 shows typical deposited- 
carbon resistors in ratings of % to 2 watts. The three 
smaller ones are finished products coated with a spe- 
cial resin; maximum safe surface temperature is 120 
C for continuous operation. The other resistor (show- 
ing the spiralled path) has a glass protective cover- 
ing, and is a hermetically sealed version of the one just 
above. Evacuated space within the glass envelope is 
filled with an inert gas for maximum stability and 
operation at high temperature. While the hermetically 
sealed construction is relatively large and expensive, it 
protects the carbon from oxidation and other contami- 
nating influences, and excludes moisture. With such a 
seal deposited-carbon resistors will operate at surface 
temperatures of 200 C and higher without appreciable 
change in resistance value. 

The Engineering Services Laboratory of the Air 
Materiel Command, Dayton, Ohio, further improved 
the deposited-carbon resistor as a result of a contract at 
Battelle Memorial Institute, Columbus, Ohio (develop- 
ment contract No. AF33-038-468). This resistor is not 
hermetically sealed, but is protected by special coating 
materials which extend the safe temperature range to 
200 C, and further improve performance under high 
humidity. 

Additional development efforts for high-stability re- 
sistors were conducted by the Components and Mate- 
rials Branch of the Signal Corps Engineering Labora- 
tories, Fort Monmouth, N. J., under two development 
contracts with Continental Carbon, Inc., Cleveland, 
Ohio: Contract No. W36-039-sc-36857 for Y%4-watt re- 
sistors, and Contract No. DA36-039-sc-50 for 1- and 
2-watt resistors. The latter contract, now in final stages 
of completion, has resulted in a miniaturized, high-sta- 


* See “Stable Metal-Film Ceramic Resistor,” 


TURING, October, 1950, page 170. 
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bility metal-film type for 150 C.* The conduction path 
is formed by a film of palladium and gold resinates which 
is fired on a ceramic base, treated with a vitreous enamel 
and refired. Ends are silvered and end caps containing 
the lead wires are pressed on; a spiral cut through the 
vitreous enamel and metal film is made to increase the 
resistance path and for final calibration. A final pro- 
tective coating is then applied. 

Steps in the manufacturing process are illustrated in 
Fig. 2, along with the finished product in ratings of 
4, 1 and 2 watts, and a size comparison with a wire- 
wound type. The vitreous enamel protective cover gives 
greater resistance to abrasion and damage caused by 
handling and assembly; also, abrasion caused by slip of 
a screwdriver or soldering iron will not affect calibra- 
tion. 

Metal-film and deposited-carbon resistors both can 
be calibrated to 1 per cent of specified value and will 
remain stable over long periods of time. Both types 
provide a substitute for many applications which pre- 
viously required accurate wire-wound resistors. 

The most recent high-stability resistor development 
was announced by the Bell Telephone Laboratories on 
September 27, 1950, at the National Electronics Con- 
ference in Chicago. Known as the “boro-carbon” re- 
sistor, it is an improved modification of the deposited- 
carbon type.t 


Tolerance and Range of Resistance Values 


For various types of fixed resistors used in Signal 
Corps equipment, Table I lists tolerance, range of re- 
sistance values, and physical dimensions. Data for wire- 
wound are based on the minimum wire size established 
by the military services for existing MIL and JAN 
specifications—0.0025 in. for power resistors, and 0.0015 
in. for precision. Higher values of resistance for a given 
resistor size can be obtained by the use of smaller diam- 
eter wire. 

Maximum resistance values shown in Table I for the 
high stability film type resistors are determined by 
the minimum carbon or metallic film thickness recom- 
mended to provide the greatest stability. While higher 


+ For a further discussion of this type see ‘‘Boro-Carbon Resistors’ in 
this issue on page 135. 


Table I—Basic Information on Fixed Resistors 


Type of resistor 0.5 watt | 


L D 


Dimensions, in. 


1 watt 


D 


Resistance, ohms 





Min. Max. 





| 


1 watt 


All ratings| 0.5 watt | 





Accurate wire-wound 1 34 


154 


0.1 3 x 105 4 x 106 





Power wire-woundt : 1 


Deposited-carbon film | $2 Me | 


1% 





| 


0.1 1000 


10 106 5 x 106 





Metal film | 3% 


1 106 





Boro-carbon film | ~~ | Wg, | 








Carbon composition é % | % 











* Tentative. 





1% 
fe 





5 x 106* 
106* 


2x 10? 





6 10 




















NA _ Not Applicable. 


t Dimensions for 5-watt given under 0.5-watt heading; 166-watt under 2-watt heading. 
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Fig. 3—Temperature coefficient of resistance for metal- 

film type varies with resistance (film thickness) chang- 

ing from positive to negative at about 10,000 ohms for 
a 4-watt resistor. 


Fig. 4 (Right)—Change in resistance in per cent of value 
at 25 C for temperatures between —40 and 100 C for 
several types of 4-watt resistors. Note that the boro-car- 
bon type approaches the low value of resistance wire over 
the entire range; both deposited-carbon and metal-film 
types are much more stable than carbon composition. 


values may be obtained by the use of thinner deposited- 
carbon or metal films, reduced thickness results in un- 
stable performance. However, the range of resistance 
values covered is adequate for all general-purpose ap- 
plications and is well beyond that possible for an equiva- 
lent wire-wound resistor of considerably larger size. 

For comparison, Table I includes some data on power 
resistors. While intermediate power ratings between 5 
and 166 watts are not listed, only increases in size and 
power rating will provide for increases in resistance 
value. This feature, of course, is typical of wire-wound 
resistors. Maximum resistance value possible using 
0.0025 in. wire is 80,000 ohms obtainable only in the 
166-watt size. 

The resistivity of the film-type or high-stability re- 
sistor is a function of the film thickness. In ohms per 
unit square, the maximum resistivity of both the metal 
film and deposited carbon is in the order of 10,000 
ohms; for boro-carbon, about 50,000 ohms. Close con- 
trol of the resistivity is not important, since final cali- 
bration is established by the spiraling process which 
determines the length of conduction path. 

Cost of the solution required for a metal-film resistor 
is estimated at 2¢ for a %4-watt size regardless of re- 
sistance value. For a 1-megohm wire-wound resistor 
requiring about 3500 ft of 0.0015 in. wire, cost of the 
wire alone is approximately $4. 


Effect of Temperature on Resistance Value 


In accurate metal-film resistors, when used instead 
of wire-wound types, the most important characteristic 
is the temperature coefficient of resistance. Continued 
development has reduced the gap between the two types 
although the coefficient is still relatively high for metal- 
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+10%. 
,/megohm 
Metal film 


10000 ohm 
-10°%7/, 


Deposited carbon +10% 
/ megohm 


*-/00 ohm 


Boro-carbon 
10.000 ohm, 


Temperature, C 
-40 0 20 


Nickel chromium 
resistance wire 


“10%. 


+10°% 
Carbon composition 
10000 ohm --; 


film and deposited-carbon types. As indicated previ- 
ously, the ideal resistor would combine the compactness, 
low cost, resistance range and good high-frequency per- 
formance of the carbon composition type with the d-c 
properties and stability of resistance wire. The high- 
stability film-type resistors are a step toward the goal. 

Temperature coefficient of metal-film resistors is af- 
fected by such factors as coefficient of expansion of the 
ceramic base on which the films are fired, the porosity of 
the ceramic base, firing temperature and film thickness. 
With close control over materials and production opera- 
tions the temperature coeticient of resistance is repro- 
ducible to a satisfactory degree, although with the ex- 
ception of the boro-carbon types, the coefficient is rela- 
tively high compared to that of resistance wire. Indica- 
tions are that the boro-carbon resistors have a tempera- 
ture coefficient of the same magnitude as that of resist- 
ance wire but relative test data are not available for 
inclusion here. : 

The temperature coefficient of resistance of de- 
posited-carbon and metal-film resistors varies between 
limits of approximately 150 to 500 ppm per deg C. The 
change is negative in the carbon type while for the 
metal-film resistors, the coefficient changes from posi- 
tive to negative as the ratio of oxide to free metal in the 
film is increased. This transition is shown in Fig. 3 
as a function of resistance value for a finished spiraled 
¥4-watt resistor, the dimensions of which are given in 
Table I. A low coefficient is obtainable in finished re- 
sistors with values ranging between 5000 and 15,000 
ohms. 

Change in resistance of metal-film, deposited-carbon, 
nickel-chromium resistance wire and carbon composition 
resistors with changes in temperature are plotted to- 
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Fig. 5—Applied voltage affects resistance very little in 
metal-film and deposited-carbon resistors; a large im- 
provement over performance of carbon composition type. 
Fig. 6—Measured against a wire-wound resistor as a 


gether on Fig. 4 for ready comparison. Intermediate 
resistance values lie within the limits given. Only one 
resistance value is shown for deposited-carbon and boro- 
carbon resistors; lower values of resistance for the 
deposited-carbon type will exhibit smaller changes in 
resistance value. 

Resistance measurements were made at various tem- 
peratures after the resistors were maintained for no less 
than 30 min at each temperature. Curves are for 14-watt 
ratings, but 1- and 2-watt sizes are comparable or even 
slightly better for metal-film types since better control 
appears possible in the larger sizes. 


Change in Resistance with Voltage 


All types of nonwire-wound resistors are subject to 
changes in resistance value with applied voltage. The 
maximum safe operating voltage at which a resistor will 
operate without appreciably affecting its permanent 
characteristics is assigned by the manufacturer. The 
resistance value is measured first at that voltage, then a 
second measurement is made at 0.1 of that voltage. The 
voltage coefficient of resistance VC in per cent per volt 
is then determined by: 





R,—R, 1 
R, E,—E, 
where E, = rated continuous working voltage 
E, = 0.1 rated continuous working voltage 
R, = resistance at voltage E, 
R, = resistance at voltage E, 


When so measured, carbon composition resistors of 
high resistance value have exhibited changes as high as 
8 per cent. The change is negative and the magnitude 
is proportional to the resistance value, ranging from 
0.002 for 5000 ohms to 0.03 for 20 megohms. 

High-stability resistors exhibit so low a resistance 
change with applied voltage that for all practical pur- 
poses the change may be considered negligible. Specifi- 
cations covering the requirements for such resistors 
(MIL-R-10509 Sig C) specify a maximum voltage co- 


122 





Carbon composition 7 7 


Metal film -.- 


Noise, microvolts per volt 


10,000 
Resistance, ohms 





standard, noise in the other three types of resistors in- 
creases with resistance value. Both the metal-film and 
deposited-carbon types give a large improvement over the 
carbon composition at values of 10,000 ohms and larger. 


efficient of 0.002. D-c voltage coefficient for 14-watt car- 
bon composition, metal-film and deposited-carbon re- 
sistors of 1 megohm resistance are shown in Fig. 5 
compared with a wire-wound resistor. 


Noise Generated in Resistors 


Presence of noise in a nonwire-wound resistor is an 
accepted condition. Magnitude of noise generated is 
proportional to the resistance value, and in a high-value 
carbon composition resistor can become appreciable and 
possibly objectionable. A defect in the resistor con- 
struction, such as a lead wire improperly bonded to the 
resistor body, will produce excessive noise. A group 
of carbon composition resistors of the same resistance 
value and production run will exhibit large variations 
in noise level, due to possible variations in the con- 
tinuity of the conduction path. 

The particle-to-particle conduction path in a carbon 
composition resistor offers the best explanation for the 
generation of noise. In traveling from one particle to 
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Fig. 7—Resistance of metal-film type is less affected than 
deposited-carbon or carbon composition resistors by high 


frequency loads. All three are capacitive. 
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another, the current produces variable contact resist- 
ances. In low-value resistors, the conducting particles 
are more numerous and consequently closer, resulting 
in lower contact resistances and a lower noise level. 
The particle spacing may vary for individual resistors, 
causing a high contact resistance at one point along the 
resistor body which generates a higher noise. 

Amount of noise generated in a resistor is determined 
by comparing it to a sufficiently noise-free resistor 
(wire-wound) of the same value and rating, using 
standard RTMA procedure. A standard noise source 
and the resistor under test are alternately applied to an 
amplifier feeding an electronic voltmeter and the read- 
ings compared. The noise level in microvolts is then 
determined by: 


1 1 1 
E, = Em R(— + — + —) 
R Re R, 
where E, = inherent noise voltage generated 


Em = audio input voltage required to give nec- 
essary deflection of electronic voltmeter 


R = resistance of resistor under test 
Rm = resistance of matching resistor 
R, = resistance of input circuit amplifier 


Noise value in microvolts per volt equals the quotient 
of the inherent noise, divided by the direct voltage across 
the resistor. If the direct voltage V is not the rated volt- 
age V’,, the inherent noise is given by: 

I 7 0.95 
E, —— 
Vv 

Noise measurements shown in Fig. 6 are the average 
results of tests conducted on %4-watt carbon composi- 
tion, metal-film, deposited-carbon and wire-wound re- 
sistors. Existing specifications for carbon composition 
resistors specify that the noise shall not exceed a value 
of 3 microvolts per volt rms for resistors of % watt and 
below and 1.2 for resistors rated above 4 watt. Lower 
noise levels are common in the larger resistors, prob- 
ably because a longer path exists for a given resistance 
value, allowing for closer spacing and a greater number 
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Fig. 8—To keep surface temperature within rated limits, 
watt dissipation is reduced with elevated ambients. 
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of conducting particles in the current path. 

Since noise is low for high-stability resistors, specifi- 
cations have not included a noise test. While the mecha- 
nisms of conduction can be assumed to be similar to that 
of the carbon composition, the conduction path is more 
homogeneous which accounts for the lower noise level. 
However, excessive noise will result if the resistivity 
exceeds that recommended. 


Effect of Frequency on Resistance 


Performance of a nonwire-wound resistor at high 
frequencies depends on the impedance presented by the 
resistor itself to the circuit in which it is operating. The 
reactive component of the carbon composition resistors, 
up to a resistance value of about 10,000 ohms, is such 
that good performance can be expected at approximately 
20 mc and below without serious departure from the 
nominal d-c value. Above 30 mc special high-frequency 
resistors are sometimes required. In general, wire- 
wound resistors are not suitable for high frequency use. 

A reasonably sound and generally accepted theory 
concerning the performance of a resistor at high fre- 
quencies is that the ratio of a-c resistance to the d-c 
resistance varies inversely with the cross product of the 
frequency in megacycles and the resistance value in 
megohms. This ratio remains approximately constant 
for equal cross products of frequency and resistance. 
For example, the cross product of a 10-ohm resistor at 
10,000 mc is 0.1, the same as the cross product of a 
10,000 ohm resistor at 10 mc. The value and frequency 
selected for the above example would probably result 
in a ratio of 1 for both carbon composition and high- 
stability resistors. 

Performance curves shown in Fig. 7 are the average 
results of tests performed on a group of six each of the 
types listed. The reactance of all types is capacitive. In 
the high stability types, X, is partially compensated for 
by the addition of the spiral. For high resistance values, 
spiraling has little effect on the high-frequency perform- 
ance. Although the spiral increases the inductance, the 
resistors are still predominantly capacitive. It is to be 
noted that in the case of this illustration, the carbon 
composition resistor represented is the general-purpose 
insulated variety. For high-frequency applications, there 
have been resistors developed of the carbon-composition 
construction which show better performance than the 
high-stability types represented. 

In order that the maximum surface temperature will 
not be exceeded under operating conditions, power de- 
rating must be considered for high ambient tempera- 
tures. The curves shown on Fig. 8 give the derating 
required for various types. For power wire-wound re- 
sistors the derating varies with materials; only those 
capable of 275 C maximum surface temperature are in- 
cluded in the chart. 


Improved Wire-Wound Resistor 


One disadvantage of an accurate wire-wound resistor 
has been the lack of protection afforded the wire. Enamel 
insulation prohibits the use of heat necessary to apply a 
better protective coat, such as a suitable molding mate- 
rial or vitreous enamel. Hermetically sealed units in 
ceramic and glass have provided an interim solution. 
Again, the cost is high and production slow. 

(Continued on page 254) 


123 












PIA Irmo 


- 


‘onserving critical materials 


Radio and television industry moves rapidly to reduce use 
of cobalt, nickel, aluminum, copper and zine by redesign. 


Electrical 


MET e riled Stay R 


tion is bringing dislocations—as it must. New 
factors enter into engineering decisions, partic- 
ularly with respect to metals. And in living with a 
policy of maintaining a substantial peacetime economy 
concurrently with expanding military needs, it is obvious 
that the transition will require repeated evaluation of 
design decisions already made. 
But some factors will remain relatively constant. 
Heavy emphasis on the part electronics is playing in 


ND sion is being from peacetime to partial mobiliza- 


military demands has meant that manufacturers or 
peacetime electronic products were among the first to 
face shortages in critical materials. At the same time, 
the necessity for maintaining this group in a healthy 
“ready” state calls for intensive engineering to keep 
production moving while redesigning to reduce the use 
of materials in critical demand. 

Three materials important to electronics manufac- 
turers, but still more important to the military, are re- 
sponsible for the major problems this group is facing. 


Table I—Relative Scarcity of Metals 


Preliminary classification of metals, prepared by the 
Office of Materials Resources, Munitions Board, indicates 
the following preferred direction of materials selection as 
an aid in using the least quantity of scarce constituents. 
Material at top of each list is least available. Scarcest 
materials are included in list A; those in list B have highest 
strategic importance combined with scarcity; materials in 
remaining lists are relatively more available. 


A. Precious Metals. The following metals are in extremely 
short supply, and no substantial use can be made of 
them. They can be expected to remain available in 
very minor quantities only for catalysts and filaments, 
and in various laboratory and experimental uses. 

. Iridium 6. Palladium 
2. Rhodium 7. Germanium 
3. Gallium 8. Platinum 

. Osmium 9. Gold 

. Ruthenium 10. Barium Metal 


B. Problem Metals. 
ceed supply available and must be held to a minimum. 
1. Columbium 
2. Tantalum 
3. Beryllium 
4. Cobalt 
C. “No-Substitute” Materials. Not related in use patterns, 
and have no general substitutes. 
1. Cermium 
2. Strontium 


In each of these, requirements ex- 


* Any use of these metals in the pure form, or as constituents of non- 
ferrous alloys, should take into account the urgency of requirements 
for these same metals as ferro-alloy constituents. 





8. Thallium 
4, Mercury 
5. Selenium 
D. Ferro-Alloy Constituents. 
1. Zirconium 
2. Vanadium 
3. Boron 
4. Molybdenum 7. Silicon 
E. Hetero-Alloy Constituents. Used about equally in 
ferro-alloys and in nonferrous alloys, with some addi- 
tional use also as pure metal. 
1. Tungsten® 
2. Titanium*® 
3. Nickel® 
F. Nonferrous-alloy Constituents. 
. Lithium 8. Arsenic 
. Indium 9. Tin 
3. Tellurium 10. Magnesium 
. Cadmium 11. Aluminumt 
5. Silver 12. Coppert 
. Bismuth 13. Zinc 
7. Antimony 14. Lead 
G. Ferro-Alloy Constituents. Used principally as ferro- 
alloys and also in more-or-less pure form for various 
specialty purposes. 
1. Zirconium* 
2. Molybdenum*® 
8. Chromium*® 
4. Silicon® 


5. Chromium 
6. Manganese 
(including electrolytic) 





7 For these three metals, there should be the fullest possible inter- 
changeability since their relative availability depends entirely upon 
the criteria selected. Steel should be substituted whenever feasible, 
particularly carbon steel, for these three metals. 
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Reducing Cobalt and Copper in a TV Set 


S. C. SPIELMAN 


Chief Television Engineer 


Philco Corporation 


ENERAL objectives set up at 
Philco for conserving critical ma- 
terials in TV sets were the complete 
elimination of cobalt if possible, and a 
reduction of at least 20 per cent in the 
weight of copper used. Development of 
picture tubes using electrostatic focus 
offered a substantial reduction in cobalt- 
containing Alnico 5; obvious and read- 
ily introduced changes—such as smaller 
hookup wire, shortened capacitor leads, 
elimination of brass trim and shortened 
control shafts—offered some reduction 
in copper. But these moves fell consid- 
erably short of goals set up. Copper in 
the main power transformer and cobalt 
in the speaker magnet remained as the 
largest items in the way. 

Complete elimination of cobalt and 
a 26-per cent reduction in copper were 
achieved together by an overall plan 
centering around the change to a selen- 
ium rectifier voltage-doubler power sup- 
ply for the deflection system and the 
development of a new damper tube. 

To meet Philco standards for picture 
brightness 15 kv is used (in all but the 
smallest sets) for the picture tube anode 
voltage. This higher anode voltage re- 
quires more power for beam deflection 
which had been supplied from a trans- 
former at 315 volts—too high for a 
voltage doubler circuit. Power required 
for the deflection circuit was reduced 
by employing a new type of damper 
tube with a construction providing 4000- 
volt insulation between filament and 
cathode. 


Substantial savings in critical materials are being made 
at Phileo as the current television receiver (above) is 
replaced by a redesigned receiver (below) using the new 


electrostatic-focus tube. 


This new tube, and the circuit change 
it made practicable, increased the effi- 
ciency enough to give operation from 
a 250-volt supply, making it possible to 
employ a selenium rectifier voltage- 
doubler circuit for the power supply 
and thus eliminate the transformer with 
an important saving in copper. 

When it came to considering possible 
reductions of cobalt in the speaker mag- 
net, several courses were open: Decreas- 
ing the energy required through use of 
a lighter cone and smaller air gap, 


change from Alnico 5 to a larger mag- 
net of Alnico 3, or use of an electro- 
magnetic field. Changing the grade of 
alnico eliminated cobalt but called for 
about five times the amount of nickel; 
this was not acceptable since nickel is 
also critical. Further increase in speaker 
efficiency offered only a limited reduc- 
iton in cobalt. But by putting back into 
an electromagnetic speaker some of the 
copper saved in the new deflection cir- 
cuit, total copper savings were still bet- 
ter than required. 


Nor was all the copper used in the 
field coil a net increase; the field also 
serves as a choke on the sets requiring 
higher audio power and eliminates a 
copper winding formerly required in a 
filter choke. 

Final savings accomplished included 
all cobalt and 26 per cent of the copper 
previously used. Other changes cut the 
use of aluminum by 68 per cent; silicon 
steel by 58 per cent, ferrite cores by 51 
per cent, tin by 50 per cent. Total 


These are cobalt, nickel and copper. Other materials just 
as critical in a narrower range of applications include 
precious metals, and certain others for which no general 
substitutes are available. Table I lists these materials in 
order of relative scarcity as viewed by the Munitions 


Board. This is a preliminary classification indicating 
the direction of materials selection preferred by the 
military agencies. It is intended as a guide in research 
and development of new uses for metals, and in the 
search for substitute materials. In using this list, the 
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weight saving is 12 lb per receiver. 


procedure recommended is to (1) determine the range 
of materials that have the desired characteristics; (2) 
determine which of these alloys use the largest propor- 
tions of base metal; and (3) select the alloy requiring 
the least quantity of constituents near the top of the list. 

It is understandable that any listing such as this one is 
bound to be subject to continuing change. New sources 
may come in; new military uses crop up; partially 
effective substitutes may undergo improvement to be- 
come more effective ones ; and a concerted swing to some 
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substitute material may bring it into critical supply.* 

The real challenge offered design engineers in facing 
these shortages is to find a way around the shortage 
without yielding anything in performance. A second 
challenge, to accomplish it with no increase in cost, 1s 
still important but must now give way to the primary 
importance of conservation with no loss in perform- 
ance. As one of the first major groups to respond to 
these challenges, designers of radio, record and televi- 
sion equipment have demonstrated some noteworthy ac- 
complishments. 

Of all these current shortages, one of the most diffi- 
cult to meet has been cobalt because of its important 
use in Alnico 5. This has become practically the 
standard material for permanent magnets, and perma- 
nent magnets in one form or another provide the usual 
means for converting an electrical output into mechan- 
ical energy—whether in speakers, motors, relays or 
meter indications. 

Nickel is also critically short because of a large in- 
crease in need for materials to withstand high tempera- 
ture. And copper is short because it is the common 
denominator in all types of military electronics. It is 
understandable that designers of radios and television 
sets for home use are facing some real problems in 
reducing their use of these critical materials. To the 
credit of this fast-moving industry, first steps in meet- 
ing these problems are already being introduced into 
production. 

Without speakers the radio, record and television 


, 


* See “Industrial Horizon and New NPA Orders” on page 6 of this and 


earlier issues of ELEcTRICAL MANUFACTURING. 


7 Contains 24 per cent cobalt and 14 per cent nickel. 


(home entertainment) inaustry stops. Substantial reduc- 
tion in the use of cobalt has been one of the first prob- 
lems faced. And one of the important steps was the de- 
velopment of electrostatic focus for TV tubes, eliminat- 
ing the large Alnico 5 permanent magnets previously 
required on all standard tubes. The RTMA industry 
report of February 23 gives credit to RCA for this en- 
gineering accomplishment which alone reduces Alnico 5 
requirements by some 300,000 Ib per million sets. Other 
picture tube manufacturers and the TV set makers are 
working together on this project to pretty well stand- 
ardize on electrostatic focus as rapidly as tube produc- 
tion can be converted and circuits redesigned. Complete 
changeover by midyear is planned. 

Tubes with electrostatic focus require an additional 
element in the gun structure placed beyond the final 
limiting aperture to converge the beam, with a poten- 
tial of about 2200 volts applied. Current drain on the 
power supply is negligible, and the connection can be 
made through the tube base which is already insulated 
for 5000 volts. These tubes hold focus better than 
former types under variations in line voltage, and 
other performance factors are in general comparable. 
As pointed out by Du Mont, it is doubtful if the use of 
electrostatic focus tubes means cheaper sets, but it does 
mean more sets from a limited supply of copper and 
cobalt. 

Another major reduction in use of cobalt has been 
obtained through speaker redesign. In the new Philco 
receiver the permanent-magnet field is replaced by an 
electromagnet which also serves as a choke. Faced with 
the same problem but somewhat different conditions 


New Speaker Saves Critical Materials 


In redesign of its speaker line, the 
major objective of RCA engineers was 
to conserve critical materials either by 
substituting materials less critical or 
by reducing the amount per speaker; 
and to accomplish the maximum con- 
servation with minor adverse effects 


on speaker performance. Some reduc- 
tion in reserve power and sensitivity 
was feasible, but it was required that 
overall sound pressure response should 
be maintained in order not to impair 
tone quality. 

Several possible attacks on the 


Weight of Alnico 5 magnet in 12-in. speaker was reduced from 3.16 
oz (left) to 0.97 oz in redesigned speaker. 


problem were available: redesign with 
smaller voice coil and reduce the 
amount of Alnico 5; substitute another 
material for Alnico 5 magnet; or use 
an electromagnetic field. The last two 
methods, while saving cobalt, had 
little to offer because the amounts of 
either nickel or copper required was 
greatly increased. The first method 
while requiring small amounts of co- 
balt and nickel offered substantial 
savings by making better use of a 
smaller magnet. The result is a new 
speaker design shown here. For the 
12-in. speaker, representative of the 
line as a whole, savings were: 

cobalt 70 per cent 

nickel 70 ” ” 

brass 90 ” ” 

— " * 

Comparative measurements and lis- 

tening tests indicate that the objective 
has been successfully attained. Sen- 
sitivity is about 2 db less for the 
larger speakers and about 3 db less 
for smaller sizes; but little if any dif- 
ference in tone and output perform- 
ance can be detected in comparative 
listening tests. 
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Conserving Nickel in Radio Receiving Tubes 


Nickel has always been a popular 
material for tubes because it does 
not deteriorate in the air, is ductile, 
and is readily degasified in a vacuum. 
Although other materials can be sub- 
stituted for nickel in tube manufac- 
ture, such substitutions of necessity 
had to be limited to the less critical 
applications. Now, the Tube Depart- 
ment of RCA has a special plate mate- 
rial which conserves 80 per cent of 
the requirements for pure nickel, yet 
performs better than pure nickel when 
used in difficult-to-manufacture tube 
types. 

The new material comprises a de- 
oxidized-steel core coated with a 
heavy nickel plate to seal the steel 
against escape of gas; the nickel plate 
is then coated with a slurry of nickel 
oxide which after reduction in hydro- 
gen forms a thick spongy coating of 
nickel that is impregnated with carbon 


Nickel plate 


‘ 


Nicke/ coating- > 


“WLLL 


New plate material for receiving tubes saves 80 per cent of the nickel 
formerly used, and is now standard in many types. 


(see section diagram) which not only 
conserves nickel, but also has its radia- 
tion increased to 95 per cent. This 
high radiation makes the plates run 
cooler and minimizes difficulties with 
grid emission. The new material is 
free from peeling, is nonabrasive, 


nates harmful to tube life. 
Although the receiving tube indus- 
try uses a very small percentage of 
the nickel consumed in the U. S. A., 
it is estimated that the potential con- 
servation in nickel through the use of 
this new material is in the order uf 


black. The result is a plate material 


RCA developed a new speaker with a 70 per cent reduc- 
tion in the amount of cobalt, along with a reduction in 
copper through substituting steel for brass in structural 
parts. Design problems faced in both of these develop- 
ments are described in the accompanying case histories. 


Nickel Use is Reduced 


Two important uses for nickel (in addition to 
Alnico 5) in regular home entertainment equipment 
include ferrite cores and tube elements. RCA is chang- 
ing to a ferrite composition with a reduced nickel 
content; Philco has found it possible to cut the total 
weight of ferrites in half by circuit modifications and 
the use of alternative methods; others are making 
similar changes. 

But the largest saving in nickel promises to come 
from a new nickel-plated steel material substituted for 
pure nickel in receiving tubes. As explained in the 
accompanying case history, this move reduces the nickel 
required by 80 per cent and in addition offers some 
important advantages, particularly in cooler plate 
operation and reduced grid emission, 

In addition, stainless steel is being studied as a sub- 
stitue for pure nickel in certain noncritical tube com- 
ponents such as getter loops. Where 18-8 stainless has 
been used, a composition with reduced nickel content is 
being substituted in several tube parts; or by careful 
redesign substantial savings have been made in the 
weight of stainless parts. Nickel-plated iron wire has 
replaced pure nickel for inside stem leads in some tubes. 


How Copper Requirements Are Reduced 
Substantial reductions in copper usage are already 
being introduced throughout the industry by decreasing 
the size of hookup wire and through use of shorter 
leads on capacitors. Savings are about 50,000 Ib per 
million sets. Some problems in stripping and soldering 
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easily formed and free from contami- 


several hundred tons per year. 


are large enough that conservation alone is the one 
inducement for this change. Printed circuits, of course, 
offer some important savings, but further development 
is apparently required before any large-scale or general 
use is made. Other savings in copper include reduction 
in the amount of brass in speaker parts and control 
shafts, and elimination of brass decorative parts. 
Substantial reductions have also been made in copper 
used for antenna lead-in wire by exercising more care 
in antenna layout and using smaller wire. A copper- 
plated steel wire is also being developed for this service. 

But one of the largest savings has been in power 
transformers. Reduction in the thickness of the shorting 
band in RCA receivers has alone cut copper require- 
ments by nearly 200,000 Ib per million sets. Change- 
over to a selenium rectifier voltage-doubler circuit in 
Philco receivers, made possible through development of 
a new damper tube, entirely eliminates the power wind- 
ing in the transformer for a reduction of about 1.5 Ib 
per set. 

Copper-clad steel wire has replaced copper for leads 
on chokes and wire-wound resistors. Amount of wire in 
audio transformers has been reduced by adding com- 
pensation to maintain quality; width and linearity coils 
have been designed out of some circuits. In receiving 
tubes, while the saving in copper per unit is small, the 
annual total is significant. In other words, the added 
consideration of other critical needs for copper has re- 
sulted in new design approaches that give comparable 
performance with substantial savings in copper all 
along the line. 

In addition to these major savings in cobalt, nickel 
and copper, opportunities have been found to reduce 
requirements for aluminum, tin, zinc, silicon steel, cad- 
mium and other materials high on the Munitions Board 
critical list. The aluminum can over the end of the 
picture tube is being replaced by a plastics-impregnated 
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fiber cup to save 100,000 Ib of aluminum per million 
sets. Molded composition was found to be too brittle, 
but the impregnated fiber has toughness needed to stand 
up under impact. 

Aluminum straps used by Philco to support the pic- 
ture tube have been replaced by a fabric strap, and cir- 
cuit changes incident to use of electrostatic focus have 
eliminated a capacitor. But the largest saving in alumi- 
num has been through substitution of steel for tubing 
supplied on outdoor masts and antennas, Or a higher 
strength aluminum alloy with a reduced wall thickness 
has been used. Savings run from 2 to 5 Ib per installa- 


tion, which is a substantial amount per year. 

Zinc die castings were in general use for the perma- 
nent-magnet focus assembly. Change to electrostatic 
focus eliminated these parts saving about 300,000 Ib 
of zinc per million sets. Further reductions in zine 
accompanied the copper savings in brass parts. 

The industry is working toward a 20-per cent tin 
content in solder. Actual savings in tin used will be 
small, and the problem of securing reliable solder joints 
demands a foolproof approach. The economic cost of 
the saving probably will be high, and only warranted 


(Continued on page 256) 


Product Design Competition 


Defers to Defense 


RODUCT Design Competitions have 

been sponsored annually by ELEC- 
TRICAL MANUFACTURING since 
1935, with the exception of the inter- 
ruption caused by World War II. Par- 
ticipated in by engineers, designers and 
manufacturers of electrically operated 
products, these Competitions have mate- 
rially stimulated and influenced product 
designs and engineering achievement. 
They have made distinct contributions to 
product improvement and engineering 
advancement. 

After the Awards were made in the 
Fall of last year for the 12th ANNUAL 
ELECTRICAL MANUFACTURING 
PRODUCT DESIGN COMPETITION, 
the publisher immediately laid plans for 
the succeeding year’s event, the Competi- 
tion for 1951. At that time Korea was 
a “local policing job” to be done by the 
United Nations. Developments since have 
proved conclusively that there is a mobil- 
ization job now to be done by the United 
States, on a big scale. Again, the resources 
of production must play a leading role to 
secure the peace of the world. 

Industrial mobilization, to the extent 
that it has been blueprinted, and the 
related shortages of materials and com- 
ponents that impend, mean that some 
manufacturers may be compelled to mark 





Program 


time with their new product plans, in- 
definitely. The emphasis will be upon 
the industrial product group, more par- 
ticularly the engineering-design develop- 
ment of production machinery, also ma- 
chines, equipment, devices and _ instru- 
ments that are classified as armament. 
Since the Competitions as sponsored 
by ELECTRICAL MANUFACTURING 
have been open to all engineers, designers 
and manufacturers of all types of elec- 
trically operated appliances 
and equipment, any Competition under 
today’s conditions could not be repre- 
sentative. Further, it would require a man- 
power effort, when engineers’ and de- 
signers’ time is so much in demand. 
Finally, the engineering and design speci- 
fications of many products must essen- 





machines, 


tially remain in the “restricted” category. 
These factors all contribute to the decision 
to again interrupt the continuity of these 
annual Competitions, the suspension to 
last only until conditions resume a more 
normal pattern. 

Meanwhile, engineers, designers and 
manufacturers who have products already 
on their design boards or who will be 
projecting new designs or product im- 
provements are requested to be patient. 
They will yet have an opportunity to tell 
of their engineering achievements. 
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Electrolytic corrosion tests in 


pressure-sensitive electrical tapes 


A comparison of test methods leading to the conclusion that the “corrosion current” method 
is preferred because it gives: (1) the most reproducible results; (2) the greatest disper- 
sion of values among samples; and (3) the best correlation with a second test method 
designed to simulate corrosiveness of the test material in contact with enameled wires. 


C. W. BEMMELS, [Industrial Tape Corporation 
RUDOLF J. PRIEPKE, [ndustrial Tape Corporation 
i. oe FALLON, Geneva College* 


RESSURE-SENSITIVE electrical tapes are 

used by electrical equipment manufacturers 

most generally as a means of holding wires and 

other elements during assembly. (1) They are incor- 
porated in the final construction and for that reason a 
high degree of freedom from electrolytic corrosion is 
desirable and often necessary. Tapes with cellulose ace- 
tate backings are used where extreme freedom from 
corrosion is necessary (2), and paper or cotton-cloth 
tapes are employed where this is a secondary factor. 
The term “electrolytic corrosiveness” as used herein 
* Present address. At the time of this investigation, Mr. Fallon was a 
Fellow at Mellon Institute of Industrial Research, sponsored by Industrial 


rape Corp. : 
+ Italic numerals in parentheses apply to references at end of article. 


Fig. 1—Set-up for testing electrolytic corrosiveness of 
pressure-sensitive electrical tapes by means of modified 
ASTM “corrosion current” method. Illustration shows 
samples being clamped in. Assembly was conditioned for 
24 hr at 90 per cent RH and 30.5 C prior to test readings. 
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refers to the tendency of a tape to corrode copper as 
a result of current flow when insulating materials are 
subjected to an electrical potential, particularly in the 
presence of moisture. 

This definition excludes the effect of materials such 
as oxidizing acids and sulfur which, of course, would 
corrode copper without the presence of an electrical 
stress. The electrolytic corrosion of copper in contact 
with tape necessitates the presence together of both 
ionizable substances and water. Salt impurities are the 
most likely source of ions but the products of electro- 
lytic and hydrolytic reactions (3) are also possible 
sources. The water is necessary as an ionizing agent; 
even materials which have an appreciable salt content 





Fig. 2—Method of assembling “cut-edge method” ap- 
paratus. Test specimens of tapes are laid down over the 


polystyrene strips. Each specimen makes contact with one 
positive wire and one negative wire. A defective contact 
does not affect other specimens along the same wire. 
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are not very corrosive in normally dry air. When an 
electrical potential is present in the system, current 
flows and copper dissolves at the positive pole by electro- 
lytic action. 

Two methods for evaluating electrolytic corrosive- 
ness have been developed (ASTM D-1000 48-T). They 
are the “corrosion current” method and several varia- 
tions of a bare copper wire corrosion test method which 
have been termed the “contact”? method, in which cor- 
rosiveness is measured by loss of tensile strength. 


Effect of Tape Coating Thickness 


The authors of this report in studying the problem 
of electrolytic corrosiveness of electrical tapes have 
noted many anomalous results when using bare copper 
wires in the contact method. These anomalous results 
appeared to be associated with the amount of surface 
coat applied to the tape—the measured corrosiveness 
increased with increasing amounts of a noncorrosive 
surface coat. The corrosiveness of these tapes was then 
checked by using nicked enameled wires in place of 
bare wires in the contact method. Although the results 
were erratic and a large number of tests were needed 
to make a valid comparison, it appeared that the amount 
of surface coat did not increase the electrolytic corrosion 
of enameled wires in contact with the tape. A third test 
method was then developed which simulates the con- 
ditions under which corrosion occurs with enameled 
wires. This test is called the “cut edge” method. 

Corrosion Current Method. According to the laws 
of electrolysis, the total amount of corrosion of the 
copper is proportional to the current carried by the 
sample. By means of a moderately sensitive galvanom- 
eter and shunt, it is possible to make high-precision 
measurements of conductance over a wide range (10 to 
1,000,000 micro-micromhos). This method shows dif- 
ferences between tapes which the bare-wire corrosion 
tests classify collectively as excellent because they do 
not corrode the wire in the time usually allowed. 

In the tests here reported, brass clamps ™% in. wide 
and 1% in. long were attached across a 1-in. strip of 


Table I—Relative Corrosiveness of 
Tapes A, B, and C 


A/C 
Cut-edge 
method 


Ratio* A/B 
Contact 
method 


Ratio* 
Contact 
method 


Cut-edge 
method 


.19 .O4 0.87 


l 2.06 
1.42 0.75 

1 

l 


17 0.89 16 


31 13 0.86 
1.35 57 


Averages 0.84 


* Ratios of tensile strength losses of positive wires in contact with 
tapes A, B, and C. 


the material being tested. Clamps were placed 34 in. 
apart (1% in. center to center). Assembly (Fig. 1) 
was supported in an atmosphere of 90 per cent RH 
and 30.5 C for 24 hr before taking the corrosion cur- 
rent readings. (Present procedure recommended bv 
ASTM uses a modified method of clamping the sam- 
ples and a humidity of 96 per cent RH.) The current 
measurements were made by applying 115 volts d-c to 
two adjacent clamps and by reading the galvanometer 
deflection after 1 min. Results were then converted to 
micro-micromhos. 

Contact Method. This is the simplest means of de- 
termining the relative corrosiveness of an electrical 
tape. Two copper wires are placed against the test 
material on a curved surface so that the wires are held 
against it at a slight pressure. In a second adaptation 
of the same method the wires are held against the 
test material by means of a noncorrosive adhesive tape. 
A potential is applied across these wires for a pre- 
determined period of time. Loss in tensile strength of 
the positive wire is then measured. 

In the tests here reported tapes were wound spirally 
over a tube and in a similar manner two No. 32 bare 
copper wires (placed % in. apart) were wound over 
the tapes. The assembly was then conditioned and 


Table Il—Ratios of Tensile Losses of the Positive Wires* 


1 coat of ethyl cellulose 


1.30 
Contact method 1.57 


1.82 
Average .56 
.95 
.85 
94 
.96 
91 


Cut-edge method 


94 
.67 





86 


Average 0. 


* The table gives the ratio of the tensile loss of positive wires in contact with the sample to the tensile loss of positive wires in contact with the uncoated paper. 
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2 coats of ethyl cellulose 3 coats of ethyl cellulose 


3.14 
1.38 


.78 
.93 
.73 


0.62 
0.50 
1.09 


0.83 
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Log jp Corrosion current 






-0.5 0.5 
Logi corrosiveness (contact method) 


Fig. 3 (Left)—Correlation of results between corrosion Fig. 4 (Right)—Correlation between corrosion current 
current and cut-edge methods, as shown in this graph is and the contact methods is not good. Former produces 
good. (Straight line fitted to the points by method of least larger dispersion of values and is therefore a much more 
squares. ) sensitive test. 
. oe c — ° ‘ : je ia ‘ ; 
corroded as follows: of the loss of tensile strength of positive wires in con- 


| Condition No.1 Condition No. 2 tact with an unknown tape and with a standard tape. 
bo es ° . - Cut-Edge Method. It has been observed frequently I 
Preconditioning time, hr 3 72 ; a oe 44 
Corvaslon time. be 64 4 that when there are many pits along the positive wire { 
Temperature, deg F 70 122 they are not nearly so deep as when there are only a | 
en a an - few pits. This has been shown quite clearly by R. J. *s 
™ Oace of the Minnesota Mining and Manufacturing al 
Condition No. 1 was used to secure the data in Tables Company (4) who, in an extreme case, tested a bare Ci 
| and II and Condition No, 2 for the data in Table IIT. and an enameled wire in contact with a paper tape. it 
Amount of corrosion was estimated both visually His results showed that the loss in tensile strength of a 
and by the loss in tensile strength of the positive wire. the enameled wire was twice that for the bare wire. ct 
It was noted early that considerable variation in ten- It would follow that if the tensile strength and elonga- I 
sile strength loss occurred from test to test for a given tion of the wire are to be used as indicators of the + 
material. This variation was probably due to small fluc- corrosiveness of tapes, the number of points of con- iW 
tuations in temperature and humidity. It was further tact along the positive wire should be uniform from all 
noted that the ratio of loss for two tapes was fairly sample to sample. The cut-edge method described here 4 
constant, although the absolute values varied. There- was developed to meet this requirement. 
fore, all of our corrosion data are expressed as ratios (Continued on page 248) 





Table 11]—Corrosiveness of Various Pressure-Sensitive Tapes 


} 
| 





Corrosion current, Corrosiveness* Corrosiveness* 
Sample | micro-micromhos cut-edge method contact method 

Acetylated paper” 10 0.01 0.08 
Electrical acetate-cloth tape 20 0.14 0.15 
Electrical acetate-film tape A 20 0.13 0.16 
Electrical acetate-film tape B 33.3 0.14 0.16 
Electrical glass-cloth tape 200 0.26 0.13 

| | 
Electrical cotton-cloth tape 7,700 0.87 0.93 
Electrical paper-tape A 8,300 0.93 0.15 
Electrical paper-tape B 10,000 0.85 0.16 
Electrical paper-tape C 11,100 0.99 0.16 
Electrical paper-tape D 50,000 | 1.00 0.13 

| | 
Nonhygroscopic masking tape 263,000 | 1.9 | 3 
Cellophane tape | 770,000 7.3 0.8 
Hydroscopic masking tape 3,330,000 6.3 5.0 


| 


® Ratio of tensile strength loss of wire in contact with sample to tensile strength loss of wire in contact with Tape D. 
b The acetylated paper was not made into a tape. 
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DESIGN TRENDS AND 


Instruments with Control Functions 


Contact-making meter-type relays with sepa- 
rate moving-coil windings offer a variety of 
interesting control functions. 


BRADLEY THOMPSON 
President 
Assembly Products Inc. 
ITH two separate moving-coil windings in a 
meter-type relay the windings may be connected 
to add or buck to cover a wide range of operating values 
or the windings may supply torque independently to the 
moving pointer. With one winding connected in a d-c 
circuit through the meter contacts, a locking or sealing 
function is obtained when the polarity of the circuit is 
selected so that the torque produced tends to close the 
contact. 

These relays are basically meters with contacts on 
the pointer. Fixed contacts of solid platinum are carried 
by adjustable stops and are engaged by a platinum 
contact on the meter pointer. Full scale values for d-c 
input signals range from 20 microamp and 5 mv up to 
usual panel meter ranges; rectifier-type meters provide 
operation on a-c signals. Meters may have a single 
fixed contact for high-limit control or two fixed con- 
tacts, as in Fig. 1, for both high and low limits. These 


Contact 
meter -relay 


a 
Controlled 
circuits 


& 


Contact Battery Moser 


locking cor/ 


Low simi? Migh birt 


| Rear oft merer 


Automatic 
interruprer 


Fig. 1—Two separate windings supply torque to the 

pointer shaft, one from the input signal and the other 

from the contact circuit. When both torques are additive, 
contacts lock in until contact circuit is opened. 


contacts will handle d-c currents of 5 to 15 ma to 
energize a relay. 

When the input signal exceeds the set value and the 
contacts on the moving and fixed pointers first engage, 


a 
ee 


Controlled 
circults 


@ 
© ®@ 


Rear of mefer 


Automatic 
riterruprer 


lL controled 
Fae) 


Rear of meter 


Fig. 2—Typical applications with manual and automatic reset, high and low limit, d-c and a-c power supply; for current, 
voltage, temperature, position or speed control combined with meter indication. 
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Fig. 3—When used as a resistance thermometer, relay 
will indicate temperature and energize an alarm or con- 
trol circuit if the temperature exceeds a set value. 


the initial current through the contact may be minute. 
But with polarity properly selected, this initial con- 
tact current adds torque which tends to further seat 
the contacts until full locking current flows. 

Contact locking windings are usually designed to 
provide several times the torque of the signal winding, 
and contacts thus are held closed even after the signal 
current is reduced or interrupted. Contacts are un- 
locked by interrupting the external contact circuit, man- 
ually or automatically. Typical circuits for these “lock- 
ing winding” meter relays are shown in Fig. 2: 


Contact meter-relay 


Voltage regulator 
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TRANSIENTS 
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Instruments With Control Functions 
Reading Accelerator 


Borocarbon Resistors 


Choosing the Right Cement 


Vacuum-Tube Accelerometer 
Magnetic-Particle Transmission 
Powder Metallurgy Cuts Cost 
Paper-Like Mica Dielectric 
Electrostatic Camera 
Radiant Heat From Ceilings 
Thermal Shunt for Soldering 


And other new ideas and 
developments of interest 





A—Basic circuit with separate signal and locking wind- 
ings. Reset is obtained by a pushbutton switch external to 
the meter. 

B—Automatic reset, high-limit, a-c operation is pro- 
vided by this circuit in which the two windings have a com- 
mon terminal. Isolating transformer separates control cir- 
cuit from the power line. Capacitors reduce arcing at con- 
tacts and resistors limit currents to safe values. 

C—Double-contact type for both high and low limit. 
Note the need for two rectifiers connected to provide op- 
posite polarity for the two fixed contacts in order to obtain 
locking torque in either direction. 

D—Another double-contact arrangement employing a 
latching relay to provide separate polarity supply for the 
locking contacts. Automatic 
reset may be obtained by an 
extra pair of contacts on 
the load relay. 


Meter relays may also be 
used as the sensitive element 
in a resistance thermometer 
circuit to perform two func- 
tions ; indicate temperature, 
and signal when a set tem- 
perature is exceeded. Such 
a circuit is shown in Fig. 3 
with a rotary switch to 
selectively connect several 
sensitive elements. 

Automatic speed or posi- 
tion control may be secured 
by the circuit shown in 
Fig. 4. For position control, 


\ Contro/ 
\ motor 


Fig. 4—Automatic control of po- 

sition or speed can be supplied 

by a meter relay connected as 
shown here. 
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motor drives potentiometer to a position proportional 
to signal input; for speed control, the signal is supplied 
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by a tachometer generator, whose output is maintained 
to the value set by the potentiometer R. Ooo 


Reading Accelerator 


Synchronous clock motor, through a variable- 
ratio drive, controls speed of power spring 
in machine designed to pace reading rate. 


Ability to read well is recognized as necessary for 
increased 
reading ability aids job efficiency and development. 
To help people read faster and learn more, the reading 
accelerator, Fig. 1, was developed by Science Research 
Associates. Reading matter is placed under a frame 

f this instrument, and a shutter is moved 


business as well as school educational fields; 


in front of 
down the page by a motor drive, adjustable at reading 
from 30 to 2400 words per min. The shutter 
paces the reader and teaches reading in thought 
phases instead of one word at a time. 

Constant speed for the shutter at any set reading 
rate, is obtained from a synchronous clock motor. 
But since the power from such a motor is inadequate 
to drive the shutter, main power is supplied by a 
spring which tends to drive the motor over synchron- 
ism. Thus, the function of the motor is reduced to 
that of a constant-speed governor, and adequate start- 
ing power is supplied by the spring for high rates 
of travel. 

To obtain speed adjustment the motor drives through 
a friction cone connected through a flexible coupling 
to the motor shaft, as shown in Fig. 2. When the 
motor drives, a small idler wheel is wedged between 
the cone and the large drum which is driven by a 
power spring. At the end of the shutter travel, the 
idler is disengaged allowing the clock motor to run free. 
The shutter is wound up after completion of a cycle 
by the handle on the right side of the case. During 
this operation the idler in the motor drive is disengaged, 
and the power spring wound up. As soon as the 


rates 


Fig. 2—Riding on the spring-driven shutter is a small 

idler wheel wedged against the cone when the shutter is 

moving. Clock motor holds shutter to a constant speed 

which can be varied by moving the idler. Cone connects 
to motor shaft through a flexible coupling. 
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Fig. 1—In the reading accelerator developed by Science 

Research Associates and made by G-M Laboratories, read- 

ing matter is placed under the frame, shutter is wound 

to top of the page by the handwheel, and a power spring 

then drives shutter down frame at an adjustable speed. 

Clock motor governs shutter rate at speed set by control 
on top of case. 


handle is released, the shutter starts its travel. Speed 
adjustment is made by sliding the idler wheel carriage 
across a calibrated scale. 

Two die-cast zinc end plates held together by six 
steel rods form the frame. Top and bottom covers are 
snapped in place with no fasteners. Dirt-seal rims are 
integral with the end plates and require no machining. 
Die castings offered essential functional features with 
latitude in appearance design which was contributed 
by Palma-Knapp Associates. Exterior finish is a restful 
green wrinkle. 

Use of this device increases recognition span, reading 
rate and comprehension. At an Armed Forces School, 


Fig. 3—Covers are snapped into grooves in die-cast end 
plates without the need for any fastenings. 
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one group of offijcers with an inital reading rate of 270 
words per min, increased to 494 words per min after 
28 work periods. Another group moved up from 319 


to 658 words per min. And, on the average, students 
showed a 7 per cent increase in comprehension along 
with the faster reading rate. oa 0 


Boroecarbon Resistors 


Temperature coefficient of resistance is low- 
ered and resistance range is increased by 
adding boron to carbon film. 


In an improved type of deposited carbon resistor, 
developed by Bell Telephone Laboratories, New York, 
boron as well as carbon is pyrolitically deposited in a 
thin film on a suitable ceramic core. Addition of boron 
gives resistors considerably lower temperature coeffi- 
cients of resistance than those possessed by plain car- 
bon resistors, as well as good stability. In addition, 
borocarbon resistors provide access to resistance ranges 
heretofore impossible to attain in stable, accurate film- 
type resistors. With these new characteristics borocar- 
bon resistors can be substituted for the larger and 
more costly wire-wound types. 

Recent years have seen an increasing growth in the 
use of pyrolytic carbon resistors. Known variously as 
“cracked-carbon resistors” or as “high-stability carbon- 
film resistors,” they are composed of very thin films 
of microcrystalline carbon formed over surfaces of cer- 
amic cores. Conducting films of carbon are deposited 
by thermal decomposition or pyrolysis of hydrocarbon 
gases or vapors. Film type of resistor is particularly 
useful at high frequencies, for not only can it be made 
to have small reactance but, in effect, it is all skin so 
that there is no increase in resistance at high frequen- 
cies because of “skin effect.’ Film is also well cooled 
because of intimate contact with core and this makes 
possible the dissipation of large amounts of power per 
unit area. 

While primarily developed for high frequency appli- 
cations, pyrolytic carbon resistors possess character- 
istics which permit other applications. Tolerances of 
1 per cent or better are attainable in production. Resis- 
tors are stable in use and have a relatively small and 
predictable temperature coefficient of resistance along 
with low noise level. These properties result in large 
part from the ultimate crystalline structure of the car- 
bon films. 

Pyrolytic carbon films are composed of graphite-like 
crystallites which are on the average only 1 ten-mil- 
lionth of an inch in diameter and half as thick. Crystal- 
lites are so closely and randomly packed together that 
all resemblance to graphite is lost. Pyrolytic carbon is 
much harder than carborundum and leaves no smear 
when rubbed on paper as does graphite. Structural and 
analytical studies have shown that each crystallite is 
surrounded by a skin or layer of complex hydrocarbons 
which separates it from other crystallites. This hydro- 
carbon skin increases specific resistance and tempera- 
ture coefficient of resistance of pyrolytic carbon relative 
to graphite which, along certain crystal axes, is a good 
metallic conductor. Decrease in thickness of this skin 
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or in the total volume it occupies results in a decrease 
in both the specific resistance and the temperature co- 
efficient of resistance of pyrolytic carbon films. 

Unlike thin metal films, specific resistance of pyroly- 
tic carbon filins is independent of film thickness within 
the limits of experimental error, and films which are 
on the average only a few hundred millionths of an inch 
thick have been employed in resistors. Temperature 
coefficient of resistance for the films, which is always 
negative, increases from a lower limiting value of about 
—180 parts per million per degree with thick films to 
about —750 ppm per deg C for very thin films with 
a resistance per square of about 20,000 ohm. Variation 
results, in part, from stresses in the film because of dif- 
ferent thermal expansions of the film and its support. 
On the average, temperature coefficient of resistance 
for pyrolytic carbon resistors is about 300 ppm per 
deg C. 

Although precision as great as 1 ppm per deg C in 
matching temperature coefficients of resistance of resis- 
tors can be achieved and despite the fact that statistical 
variations in temperature coefficient are no greater than 
for wire-wound resistors, large absolute value of tem- 
perature coefficient of pyrolytic carbon resistors has 
been a deterrent to their more widespread use. Study 
has now shown, however, that the addition of boron 





In designing the motor for this new portable drill, 
made by Speedway Mfg. Co., Chicago, overall dimen- 
sions turned out the same for either a large motor 
and small fan or a small motor with a large fan; 
however, weight was less for the small motor. Frame 
is aluminum die casting with cast-in baffles and cool- 
ing channels. Universal motor draws 54% amp, de- 
livers 4% hp; drill weighs 8% Ib. 
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to the carbon film greatly decreases the temperature 
coefficient of resistance and increases stability as well. 

Borocarbon films are produced by the pyrolytic co- 
deposition of boron and carbon from suitable gaseous 
compounds of these elements. Their temperature co- 
efficients of resistance depend both on film thickness 
and on boron content. By suitable variation in these, 
temperature coefficients as small as 20 ppm per deg 
C can be achieved. Borocarbon resistors of 10 megohm 
values in half-watt sizes with temperature coefficients 
less than 100 ppm deg C can be produced, while 
resistors of 250,000 ohm or lower have temperature co- 
efficients less than 50 ppm per deg C. These values 
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of temperature coefficient are entirely comparable with, 
and smaller in many cases, than those for wire-wound 
units of same resistance value. 

Specific resistance of borocarbon films depends on 
their boron contents, and by suitable variation in com- 
position, films of very high resistances per square can 
be produced. Values of 500,000 ohm per square are 
readily obtained and values in excess of 1,000 megohm 
per square have been studied. Temperature coefficients 
of resistance for these high resistance films are larger 
than for films of lower resistance, but in the extremely 
high resistance ranges temperature variations are gener- 
ally of lesser importance. O00 


Choosing the Right Technical Cement 


Three classes of cements in various specifi- 
cations offer the design engineer a good selec- 
tion to meet production problems. 


C. FRED SAUEREISEN 
President 
Sauereisen Cements Company 


ERIOUS production problems have always been 

presented by the requirements for assembling, seal- 
ing and insulating the great variety of component parts 
in electrically energized equipment of all types. This 
is even more true today in view of the many existing 
restrictions and shortages in materials. 

A familiar problem arises when it becomes necessary 
to join several materials having entirely different sur- 
face characteristics and widely separated coefficients of 
expansion. While this can usually be accomplished by 
means of screws, bolts, nuts, solder, glues or sealing 
wax, frequently the most practical solution is a special 
adhesive cement. 

Study of the various cements available will help in 
choosing the proper one for the application. In most 
instances, high tensile and compression strengths as 
well as desirable dielectric or heat-conducting properties 
are required. Obviously, no single cement is the answer 
to every problem, but those in present day use can be 
classified under three general groups; (1) air-drying 


Cementing ceramic insulation to a tube mount by means of 
an air-drying cement. 


cements, which harden by loss of moisture; (2) chem- 
ical-set cements, which set through chemical reac- 
tion of the ingredients; and (3) melting compounds, 
which must be heated, then poured while in molten 


Selected Types of Adhesive Cements* 


Type Form 


Air Drying No. 1 
Air Drying No. 2 
Chemical Set No. 1 
Chemical Set No. 2 


Paste 
Powder 
Powder 
Powder 
and liquid 
Powder 


Powder 


Good 


Good 
Good 
Good 


Melting Compound No. 1 
Melting Compound No. 2 





Water 


Acid wash 
| When baked 


Electrical 
resistance 


Resistance to 


Acids | 


Oil Heat 


Good 


Good 
Fair 


>2000 F 
>2000 F 
900 F 


Good 
Good 
Good 


Good 
Good 


Good 
Good | 


>2000 F 
225 F 


350 F 


Good 
Good 
Good 


Good 


| Good 
| 
| Good 


Good 


Good 
| 
| 


* The above chart shows comparative characteristics of two of each general group of cements and is not intended to represent all available cements. 
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It’s easy to tell whether a product has 
been assembled with engineered tight- 


Yes! a PHILLIPS SCREW 
ness at vital fastening points. Just 


Ta 
ve Fick for Phillips Serews. You'll know 


. them by the identifying X formed by 
J the cross-recess on the head of each 


screw. It's your clue to quality con- 
struction on the widest range of prod- 
a ucts, from television sets to aircraft. 
en sige arene Head SCREWS 
at hardware, automotive 
aaa dl supply outlet 
AMAR SCREW + CENTRAL SCREW + CONTHENTAL SORE 


on + 
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Part of the series of 
advertisements on 
Phillips Screws appear- 
ing in The Saturday 
Evening Post. 
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PHILLIPS SCREWS, with their identifying X formed 
by the cross recess, are recognized on sight as a mark 
of quality in well built products. The general public 
knows that Phillips Cross-Recessed-Head Screws make 
products stronger, better looking. 14 million readers of 
The Saturday Evening Post are being told that when it 
comes to assurance of quality, X marks the spot. 


These screws cut driving time up to 50%, set up 
tighter, resist vibration. They are distinctively designed 
to give maximum strength of head, maximum driver 
strength. They eliminate driver skids and split screw 
heads. Whether you use Phillips wood screws, machine 
screws or tapping screws, you build a better product 
and you save time, work, money. 





PHILLIPS cess ecessedHoad SCREWS 


X marks the spot... the mark of extra quality 


AMERICAN SCREW CO. * THE BLAKE & JOHNSON CO. * CAMCAR SCREW & MFG. CORP. 
CENTRAL SCREW CO, * CONTINENTAL SCREW CO. * ELCO TOOL & SCREW CORP. 
SCREW CORP. * THE H. M. HARPER CO. * NATIONAL LOCK CO. * PARKER-KALON CORP. 

MANUFACTURING CO. * ROCKFORD SCREW PRODUCTS CO. * SCOVILL MANUFACTURING CO. 
SHAKEPROOF INC. * THE SOUTHINGTON HOWE. MFG. CO. * WALES-BEECH CORP. 
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Fluorescent lamp and radiant heater are combined 
in this new fixture developed by Salton Manufactur- 
ing Co., Inc., New York. Heater surfaces act as 
reflectors, but lamp temperature is unaffected by 
heater operation. Each panel rated at 750 watts, 
with 3000 BTU radiated down; surface temperature 
approximately 250 F. 


condition, hardening almost immediately on cooling. 
Air-Drying Type No. 1 (see tabulation) is a ready- 
mixed paste-form cement with a sodium silicate base 
and fillers such as alumina, zirconium or mica. Air- 
Drying Type No. 2 is of similar composition but is in 
powder form to be mixed with water. Both types pro- 
vide good electrical insulation and offer excellent re- 
sistance to acids, solvents, oil and high temperatures. 
Such cements are very suitable for use on production 
assembly lines for machine application because they 
will not set or harden in the applicator. Some electrical 
products on which these cements are used are radio 
tubes, switches, resistors, fuses and heating elements. 
Chemical-Set Type No. 1 is a magnesite-base cement 


Vaeuum-T ube 


Flexibly mounted plates change plate-to- 
cathode spacing under acceleration; tube 
output is sensitive to wide range of accelera- 
tion. 


ECENT RESEARCH in the Engineering Mech- 
anicals Section of the National Bureau of Stand- 
ards has resulted in an improvement of the Ramberg 
vacuum-tube accelerometer developed in 1946, The new 
pick-up provides more sensitive and reliable accelera- 
tion measurements than did the earlier version* which, 
despite slight erratic changes during its operation, has 
been successfully applied to both field and laboratory 
acceleration measurements. 
The vacuum-tube acceleration pick-up is a_ twin- 
diode vacuum tube consisting of a fixed, indirectly 
*“Vacuum Tube Acceleration Pickup,’ Walter Ramberg, NBS J. Re- 
search 37 391-398 (1946); also, “‘The Measurement of Acceleration with 


a Vacuum Tube,” Walter Ramberg, American Inst. of Elec. Eng., 
Transactions, 66 735-740 (1947). 
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in powder form, to be mixed with water. It provides 
very good electrical insulation and resistance to water, 
solvents, and temperatures to 900 F. This type is used 
on heating elements, switch panels, conduit and insu- 
lators. Chemical-Set Type No. 2 is a quick-setting, 
sodium-silicate-base cement. It has practically the same 
characteristics as the air-drying cements and in addi- 
tion is water resistant. This type is used in electrically 
energized products and parts for assembling and insulat- 
ing; specifically for joining porcelains, glass and metal 
parts; in electric water heaters, spark plugs, immersion 
heaters and instruments. Chemical-set cements such as 
these are ideal for applications which are not exposed 
to the air, since they set through internal reaction. 
Another important advantage is that they do not de- 
teriorate in storage and can be kept indefinitely until 
required. 

Melting Compound Type No. 1 has a sulphur base, 
combined with other materials to make it melt and 
pour easily. Type No. 2 contains a resin base instead 
of sulphur and has a higher melting and softening point. 
Both are furnished in powder form for quick melting. 
They provide the quickest method of filling cavities and 
making certain kinds of assemblies as they are ready 
for immediate service upon cooling. These compounds 
have excellent resistance to acids, alkalies, water and 
good electrical properties. Their main disadvantage 
is that they are not suitable for use at temperatures over 
200 F. They are used principally for assembling insu- 
lators and sealing lead-in wires on switchboard panels. 

In this brief article it is impossible to cover every ap- 
plication. It is important for the design engineer to 
evaluate his particular problems and draw on the cement 
manufacturers’ experience with similar applications to 
obtain a specific recommendation regarding the proper 
cement to use. Cooperation between the engineer and 
the cement manufacturers will usually result in reduced 
costs and improved quality. OoOd 


Aeeelerometer 


heated cathode and two plates, one on each side of 
the cathode. The plates are elastically mounted and 
deflect if the base of the tube is accelerated in a 
direction perpendicular to the plane of the plates. The 


Vacuum tube accel- 
erometer developed 
at NBS consists of 
a twin diode struc- 
ture with a flexibly 
mounted plate’ on 
each side of the 
cathode. Signal out- 
put will drive a re- 
cording galvanome- 
ter directly. 
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Series 335 D.C. Relay 









Once again the arsenal of democracy gears to meet the demands of the 
Armed Forces to preserve peace thru preparedness. Once again Guardian 
is a choice supplier to buyers of electrical controls for all branches of 

G UA R D IA N the Army. Guardian Relays are unsurpassed in quality—constantly 
improved in construction. Like the Series 335 D.C. 


Relay, the additional approved Guardian Relays ex- 


emplified here are recommended for use in all types of 
communications, gun-firing, radar, flying, bombing, 
physical therapy, X-ray and all military electrical 
equipment. Available with open-type construction or 


hermetically sealed. 


The Series 335 D.C. Guardian Relay shown above is 
available with the A.N. Connector Plug, Octal Plug and 





NEW CATALOG on Hermetically Lug Header hermetic seal containers. Packs loads of 

Sealed Guardian Relays with power over a wide operating range, withstands the A.N.CONNECTOR PLUG 
various containers is yours for rigors of dust, moisture, salt air, temperature changes, HERMETIC SEALED 
the asking, cost-free. vibration and impact. CONTAINER 





Series 30 A.C. Series 210 A.C.—215 D.C. 


WRITE OR WIRE... FREE CATALOG, SPECIFIC RECOMMENDATIONS, NO OBLIGATION. 


GUARDIAN WW ELECTRIC 


1627-D w. WALNUT STREET CHICAGO 12, ILLINOIS 


A COMPLETE LIME OF RELAYS SERVING AMERICAN INDUSTRY 


~ Series 595D.C. _—Series 610 A.C.—615 D.C. 
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ELEVATOR AT REST 


Typical galvanometer record of an elevator starting and landing. Note that full scale of chart is less than 0.3 g, 
Natural frequency of device is about 160 cps. 


primary design requirement met by the Ramberg 
vacuum-tube accelerometer is an electrical signal of 
sufficient strength to drive directly a high-frequency 
recording galvanometer; at the same time have a 
relatively high natural vibration frequency is required. 
The new model differs from earlier versions in having 
thinner support rods and stops to limit the motion of 
the plates. Sensitivity of the tube is increased by 25 
times. 

Field tests of the improved accelerometer have 
provided interesting and striking results that suggest 
the wide variety of uses to which such a sensitive 
device may be applied. For example, with the acceler- 
ometer clamped to the dashboard of an automobile 
(and using a filter to eliminate natural frequency re- 
sponse), comparative records were obtained of the 
vertical accelerations to which various vehicles were 
subject when crossing multiple streetcar tracks. Ver- 
tical accelerations experienced in an airplane during 
takeoff, approach, and landing were likewise recorded 


by rigidly clamping the accelerometer to the structure. 
Variations in the vertical accelerations of a freight 
elevator in starting and landing were also readily 
revealed by the accelerometer. The natural frequency 
response of the instrument itself at 160 cycles per 
sec is small compared to the response proportional to 
the imposed accelerations. 

The accelerometer in its present form provides a 
useful addition to available measuring equipment for 
conducting field tests where accelerations up to about 
5 g at frequencies up to about 20 cycles are to be 
measured. However, experience with the accelerometer 
indicates that it would be improved by the provision 
of a mechanical means for damping vibration of the 
plates at their natural frequency. Work is now in 
progress to develop modified designs of the acceler- 
ometer to cover other acceleration ranges, as well as 
models having high plate resistance to give the high- 
voltage output required for many electronic applica- 
tions. ooo 


Reversing Magnetic-Particle Transmission 


Provides an electrically controlled reversible 
output from a unidirectional source. 


Utilizing the basic principle of the magnetic-fluid 
clutch,* Vickers Electric Div., Vickers, Inc., St. Louis, 
Mo., has developed a magnetic-particle transmission, 
shown in Fig. 1, which provides an electrically con- 
trolled, reversible output from a power source operating 
in one direction. Shown in Fig. 2, the transmission con- 
sists of a gearbox, two input members with associated 
exciting coils and one output member. Unidirectional 
power source is coupled to shaft of built-in 1:1 ratio 
gearbox which drives the two input members in oppo- 
site directions through counter-rotating concentric 
shafts; the input members rotate continuously in oppo- 
site directions. By energizing the proper exciting coil, 
the output member can be made to rotate in either 





* See “‘Magnetic-Fluid Couplings Result in Smoother Power,” E ecrri- 
cAL MANUFACTURING, May 1948, P- 93. Also ‘‘Magnetic-Particle Clutches 


for Integral Horsepower Drives,” ELEecTricAaL MANUFACTURING, August 
1950, p. 109. 
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Fig. 1—Two input members are driven continuously in 

opposite directions from a single unidirectional source 

through a gearbox. By energizing the proper coil, power 

is transmitted to the output member from the input mem- 
ber rotating in the desired direction. 
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LOOK TO 


The RICHARDSON COMPANY 


FOR HELP ON PLASTICS 
FOR YOUR DEFENSE ORDERS 





1 MATERIALS TO MEET 
GOVERNMENT REQUIREMENTS 


The Richardson Company has extensive experience 
in the volume production of materials made to meet 
government requirements. In addition, Richardson 
develops new materials for special applications. 


2 FACILITIES FOR MOLDING 
AND LAMINATING 


Richardson is one of the few companies that have 
the engineering experience and production facilities 
@ If you have a puzzling plastics problem, con- to do both molding and laminating, and to produce 
sult The Richardson Company. The extensive molded laminates and post-formed laminates. 
services of its research, design, and engineering 

departments are offered you without cost or 

obligation. 


Richardson engineers have a broad background 3 SIX PLAN T LO CATION SS 


in the plastics industry. For many years they 





have been co-operating with manufacturers in the The Richardson Company operates large, modern 
selection or development of the correct plastics plants at 6 widely separated locations: Melrose Park, 
mnaethat, pease a steer te Ill.; Indianapolis, Ind.; Newnan, Ga.; New Bruns- 
orocess, and actual production of the plastics part. : ; 

E P ileal P iF wick, N. J.; Tyler, Tex.; and Ogden, Utah. 


Richardson’s molding, laminating, and fabricating 
experience assure you a thorough handling of 
your plastics problem from beginning to end. 





The RICHARDSON COMP. 


, FOUNDED 1858—LOCKLAND, OHIO 
2799 Lake St., Melrose Park, Illinois (Chicago District) 


ui mm este 





SALES OFFICES: Cleveland ¢ Detroit ¢ Indianapolis ¢ Lockland, Ohio ¢ Los Angeles 
Milwaukee ¢ New Brunswick, (N. J.) ¢ New York ¢ Philadelphia ¢ Rochester ¢ St. Louis 
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Excitation 
/ Corls for 
_ cortrolling 
airection 
and torque 


‘ Single 
output 
member 


‘ss---S Dual driving members 
rotated continuously 
in opposite directions 


Unidirectional 
single input shatt 


Fig. 2—Separate excitation coils allow torque outputs for 

both direction of rotation to be set and varied independ- 

ently. Upon reversal, the energized input member acts 

first as a brake to stop the output member and then as 
a slip clutch to apply power. 


direction. Since the transmission has a single output 
member with low inertia, there is no backlash in the 
output shaft. 

Gearing arrangement used to drive the input members 
in opposite directions need not be limited to any par- 
ticular ratio. For example, in a machine tool feed, the 
gearing would be selected to give a suitable cutting 
speed in one direction and faster return speed in the 
opposite direction. Also gearbox may be omitted en- 
tirely and each of the driving members connected di- 





Excitatior: firth 
on-off service 


7orque 


“ee i 
on-off service, cmeeainors Hel 


slip service 


Coil watts 


--- Jorque 
Slip service 


0 
200 400 600 800 1000 1200 


Coll excitation, ampere-turns 


Fig. 3—Maximum torque for both on-off and slip service 

is shown in curves above. Ratings range from 0.5 to 3 hp. 

Maximum rotation speed is 2000 rpm and allowable tem- 
perature rise is 85 C above 40 C ambient. 


rectly to separate sources of power. Further extension 
of the design is a two-speed transmission instead of 
reversing. This arrangement is particularly advanta- 
geous for remote control since the excitation power is 
low. The two speeds may be almost the same or widely 
different. 

In applying a magnetic-particle transmission, type of 
load and service must be closely correlated to amount of 
heat that can be dissipated by the transmission. Slip 
while running, or while reversing or changing speeds 

















Printed Circuits for Miniaturization 


These feature articles, appearing in 
earlier issues from time to time as de- 
velopments took place, have kept reg- 
ular readers of ELECTRICAL MAN- 
UFACTURING informed on the state 
of this new approach to reliability and 
miniaturization. 


Unitized Electronic Design and Con- 
struction Techniques, February 
1951, page 78. How functional sub- 
assemblies improve reliability and 
reduce maintenance for industrial 
as well as military equipment. Based 
on study conducted for ONR_ by 
Stanford Research Institute. 


Reliable Electronic Equipment, Janu- 
ary 1951, page 107. Report of ONR 
investigation on components, de- 
sign and maintenance for longer 
life; with emphasis on the contri- 
bution of printed circuits. 

Miniaturization—Crux of Contempo- 


rary Product Design, June 1950, 
page 86. How unitized package, in- 





142 


terchangeable module, printed cir- 
cuits, new materials and produc- 
tion methods are reducing size, 
complexity and maintenance. 


Three Metallizing Techniques, Feb- 
ruary 1949, page 120. Advantages 
and limitations of three methods 
for placing a conductive path on a 
nonconductor to form printed cir- 
cuits for miniaturized electronic as- 
semblies. 


Machine Produces Complete Radios 
Automatically, June 1948, page 116. 
Conveyorized equipment designed 
and built in England turns out a 
simplified receiving set at three a 
minute. 

Compact Designs Result from Printed- 
Circuit Components, December 
1947, page 114. Specialized com- 
ponents developed for use with 
printed circuits in instruments and 
hearing aids. 


Metallized Circuits Reduce Wiring 


Costs, September 1947, page 116. 
Metal is sprayed into grooves mold- 
ed or sandblasted in ceramic plates 
to form circuits for electronic de- 
vices. 

New Techniques in Electronic Circuit 
Wiring by Printing, May 1947, page 
122. Digest of IRE paper summariz- 
ing recent developments in minia- 
ture circuits. 


Elements of Radio Circuits Printed 
on Ceramic Plates, April 1946, page 
138. Wiring, resistors and capaci- 
tors printed on steatite block with 
silver forming the conductor. Com- 
mercial application of a process de- 
veloped for proximity fuses. 


For any of the above articles that 
may be available as editorial reprints 
see the listing under “Feature Ar- 
ticle Reprints” in this issue. Single 
copies of available reprints may be 
secured by using the Reader Inquiry 
Facility on page 189 of this issue. 
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The Fansteel name is 
a Mark of Dependability 
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AN INDUSTRY 
THAT SERVES 
INDUSTRIES 
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Hundreds of standard Fansteel 
Selenium Rectifier Stacks are 


listed in Bulletin RDP-112C. 
DEPENDABLE 
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~The mark ‘Fansteel’’ on the 


Selenium Rectifier you buy is a 
mark of dependability, based 
upon rectifier engineering and 
production experience extending 
back over a quarter of a century. 


Fansteel Selenium Rectifiers 
are quality rectifiers, intended 
to improve the quality of any 
product in which they are used. 
They are widely used in thou- 
sands of applications in indus- 
tries, railways and utilities. 


If direct current is required in 
your product, Fansteel consulta- 
tion service is available. Fansteel 
Metallurgical Corporation, 
North Chicago, Illinois, U.S.A. 


ASK FOR OUR BOOKLET 
Fansteel Selenium Rectifiers 


Engineering Information 
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of high-inertia loads, generates considerable heat. Rat- 
ings range from 0.5 to 3 hp. In a typical model, maxi- 
mum continuous-duty ratings at 2000 rpm are as follows 
for 85 C coil temperature rise above 40 C ambient: for 
on-off service 32 lb-ft torque with 800 amp-turns d-c 
coil excitation and 35 watts; and for slip service dis- 
sipation is 300 watts and torque is 9.5 lb-ft with 700 
amp-turns d-c coil excitation and 30 watts. Typical 
performance characteristics are shown in Fig. 3, 0 0 5 


Powder Metallurgy Cuts Cost in 
| Toy Motor 


Sintered pole pieces and a round magnet 
make simple assembly requiring only two 
fasteners. 


Although the problem of designing for ease of pro- 
duction always has to be confronted in the design of 
any product, the problem is particularly important in 
the design of a small low-cost product. The A. C. 
Gilbert Company of New Haven, Conn., manufacturers 
of permanent magnet motors for toy locomotives, had 
for some time used machined iron pole pieces in their 
motors. While the machined parts provided a good 
motor, the cost was high. In an effort to eliminate as 
much machining as possible and also to simplify assem- 
bly, the use of powder metal parts was suggested for 
a new design.* 

Design of motors of this size is usually done by trial 
and error. A prototype was made using hand-shaped 
powder metal pole pieces with a composition similar to 
that used in larger motors. When tested in a toy loco- 
motive, the motor performed satisfactorily. 

Permanent magnets of rectangular section were first 
used, making the motor slightly larger than was desir- 
able. Other magnetic materials having a_ higher 
energy-product were tried, disclosing that a round 
alnico magnet about the size of the armature would 
give the necessary field flux. 

With components reduced to the smallest possible 
size, a simplified assembly method was developed which 
required only two fasteners. Pole pieces, rear bearing 
and magnet form an interlocking assembly. Molded 
in each pole piece are two narrow slots for the bearing 
and a boss on the end to hold the round magnet in 
place. Four pieces are assembled together and a punched 
steel disk with ears placed in rear of the magnet firmly 
anchors all pieces together as shown in the illustration. 
Then, the armature is assembled and the front bearing 
put in place. Two self-tapping screws hold bearing to 
frame and complete the assembly except for brush rig- 
ging and take-off worm. Brush rigging is held in place 
by one screw. Carbon brushes are soldered to brass 
brush mounts, and springs maintain pressure through 
a lever arrangement. 

Bearings in the original motor were brass, but have 
been replaced by powdered bronze which proved to be 
more economical. Tolerance on critical dimension 


* See “Practicability of Powder Metallurgy,” in Execrrica. Manurac- 
rurinc, February 1951, page 84. 
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Tiny d-c motor for toy locomotive uses sintered pole pieces 
and a sintered bronze bearing. Assembly is held together 
by only two screws. 


across the diameter of the bearing is held to + 0.002 in. 
since this distance controls the air gap. 

Armature is of conventional design with three-pole 
balanced windings on a laminated iron rotor; windings 
are skewed slightly. Molded commutator is pressed on 
the shaft and windings soldered to the bars. Rear end 
of the rotor shaft bears against the magnet. oOo0 


Paper-Like Mica Dielectric 


Navy development leads to an improved ma- 
terial, which makes use of low-grade domestic 
ores. Purified asbestos, also  glass-fiber 
paper dielectric developed. 


“Mica-paper” and a new form of asbestos developed 
at the Naval Research Laboratory are claimed to have 
superior electrical properties; in addition they can be 
made from available domestic raw materials, previ- 
ously considered unsuitable for such use. Details follow: 

Mica Paper. This is expected to find its largest appli- 
cation in capacitors, allowing design engineers to make 
fuller use of the newer synthetic insulating oils, per- 
mitting higher operating temperature. At the present 
time, capacitors will not operate satisfactorily at tem- 
peratures above 85 C chiefly because of the kraft paper 
with which they are wound. By borrowing a technique 
from paper-making, scientists at NRL have formed mica 
into paper out of refined low-grade native ores and scrap. 

After a few minutes stirring in a paper beater, the 
mica in the scrap flakes off in suspension and the dirt, 
rock, and other impurities settle to the bottom of the 
beater. The mica flakes, in the form of a water paste 

(Continued on page 258) 
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“Motors with IRV-O-SLOT insulation 
sive year after year of service” 


The Kingston-Conley Division of the Hoover Company uses Irvington 
IRV-O-SLOT insulation on its famous line of electric motors. Mr. A. E. 
Ott, Sales Engineer at Hoover, tells why: 


“The high quality of the paper backing used in IRV-O-SLOT insu- 
lation has been fully proved by the many years over which our 
motors give satisfactory service. We find, too, that Irvington’s slit- 

ting facilities give us greater flexibility in selecting paper widths, 
and allow us to shorten up our scheduling cycles.” 

These are among the reasons why IRV-O-SLOT has been the 
choice of many an electrical manufacturer, ever since Irvington 
introduced it as one of the first combined varnished-cambric-and- 

backing slot insulations. 
The IRV-O-SLOT line now includes insulation for every slot re- 
quirement. Backing papers combine high dielectric and mechanical 


strength with ease of forming. Bonding adhesive allows enough 
“sive” to prevent rupture of varnish film. IRV-O-SLOT literature 


is yours for the asking—just use the coupon below. Sal 
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Send this convenient coupon now Irvington Varnish & Insulator Company 


6A Argyle Terrace, Irvington 11, N. J. 
iro Li ton 
COMPANY 


Gentlemen: 
Please send me technical literature 
on IRV-O-SLOT insulation. 





IE , cccntccsnunnndiniiimmntidibinieninaumenmmee " 

VARNISH & INSULATOR I iiiicticicniennricniresectretinicinninctinennianeenininaieaanianniane 
Irvington 11, New Jersey ia i cisniciiiccietetieaidaaatdlinladininenanialiia ; 
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A-C VOLTAGE-SENSITIVE POWER RELAY 


ee for use in a-c circuits where a close voltage 
differential between relay pick-up and drop-out is re- 
quired. Principal application for bulletin 401 relays is in the 
protection of a-c motors against damage caused by low line 
voltage. Unit consists of an a-c magnetic power relay with 
SPNO contacts and a small saturable reactor mounted on 
an insulating base. Relay and reactor coils are connected in 
series. At pick-up and drop-out values reactor is saturated, 
and is essentially an impedance that varies with voltage drop 
across reactor. As voltage drop increases, impedance drop 
permits a higher current flow. Conversely, a decreasing 
voltage drop increases impedance and decreases current 
flow. Because the reactor is the major impedance in circuit, 
a large variation in current through relay coil results from 
small variations in line voltage. Nominal coil voltages for 
standard heavy duty types are 115, 230, and 440 volts 60 
cycles; for light duty types 115 and 230 volts 60 cycles. 
Relays with 115-volt coils pick up at 105 volts and drop out 
at 95 volts. Contacts are rated at 25 amp, 230 volts, 60 
cycle; 2 hp max. On special order relays can be supplied 
with 2 NO contacts, additional booster series windings and 
with voltage differentials as close as 5 per cent. Heavy 





duty types are 6 x 2% x 3%¢ in.; light duty types, 45¢ x 
2% x 2 in. Ward Leonard Electric Co., 34 South St., Mt. 
Vernon, N. Y. 


For further information, circle No. 1 on Reader Inquiry Facility, page 189 


UNITIZED SERVO AMPLIFIER HAS PLUG-IN SUBASSEMBLIES 


OMPACT 60-cycle servo amplifier, SA-203, rated at 
15 watts has internal plug-in subassemblies which adapt 
amplifier to a wide range of requirements. Gain, phase- 
shift and damping characteristics can be readily changed to 
fill specific requirements of an application by selecting 





Complete amplifier shown at left with cover removed uses four electron tubes, a 6SL7, 6SN7 and two 6V6. All electronic elements 
required for one function are packaged together as shown by diagram (center). Gain characteristics shown at right were determined 
using a Diehl FPE 25-11 2-phase 60-cycle motor with damping and phase-shift networks used in usual applications. 
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network subassemblies with proper characteristics; also 
new load conditions and changes in input devices can be 
accommodated. Included in the unit are: input, phase-shift 
and damping networks, three stages of voltage amplifica- 
tion, a driver stage and an output power stage. Amplifier 


02 03 04 
Volts input 


ELECTRICAL MANUFACTURING 











\ 





This new top housing for the Landis Shoe Stitcher 
is a big baby .. . with extra thick walls and rugged 
hinge members. Not only does it enhance the fine 
appearance of the unit but in addition, it dampens 
noise and insures quieter operation. Molded of 
improved impact phenolic it’s much lighter in 
weight, too, and the finished cost is 70% less than 
the old cast housing. 


The sturdy tool holder is another distinct im- 
provement. Molded of a rubber phenolic material, 
it provides added convenience and eliminates an 


entire assembly operation. 


Landis Machine Company, like hundreds of other 
shrewd buyers of plastics, comes to Chicago Molded 
for one reason . . . absolute dependability. They 
know that here they get a plus value that’s hard to 
equal. They get the benefit of more than 30 years 
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SOUND DESIGN 
AND DEPENDABILITY F044 d [ot 


CHICAGO 
MOLDED 


experience in plastics ... sound designing and en- 
gineering skill . . . a thorough knowledge of 
materials and their molding behaviour . . . the finest 
precision molds ... and the extensive facilities that 
insure the correct molding method and equipment 
for fast, economical volume production. 


This matter of dependability is vitally important, 
particularly if you are planning the production of 
defense equipment or essential civilian goods. It 
costs no more. In fact, in the long run it is almost 
certain to cost you less. So... why not discuss your 
plans with a Chicago Molded engineer? Or, if your 
engineering is completed, send us prints for quota- 
tion. In either case there’s no obligation. Just write, 
wire or phone. 


CHICAGO MOLDED PRODUCTS CORPORATION 
1024 North Kolmar Avenue Chicago 51, Illinois 







eS COMPRESSION, INJECTION AND PLUNGER MOLDING OF ALL PLASTIC MATERIALS 
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is primarily for use in velocity or position servo loops. 
Input network provides for 1 to 3 input signals and can 
be furnished to specification for input impedance, attenua- 
tion, voltage addition, signal mixing or tachometer input 
as required. Gain is dependent upon choice of damping and 
phase-shift networks; with networks for usual applications 
gain is shown by graph. For low response conditions or 
velocity servos requiring tachometer input systems, a 
resistive damping network can be used with gain of 4000. 
Input impedance without an input network is 1 megohm. 
Designed for operation on carrier signals of 60 +2 cps. 
Output is tuned for control phase of Diehl FPE 25-11 or 
equivalent 2-phase 60-cycle servo motor with 5 watts equiva- 
lent mechanical output. Unit can be mounted in any posi- 
tion and may be used in ambient temperatures up to 140 F. 
Four AN size-2 fasteners are provided for mounting. 
Electrical connections to amplifier are made through a 
multicircuit connector. Amplifier requires a separate well- 
regulated and filtered source of d-c power. Dimensions are 
5x8x43% in.; weight, 5% lb. Servomechanisms, Inc., Old 
Country and Glen Cove Rds., Mineola, N. Y. 


For further information, circle No. 2 on Reader Inquiry Facility, page 189 


BOROCARBON-FILM RESISTORS 


Composed of a_ borocar- 
bon-film pyrolytically de- 
posited on a ceramic core, 
line of resistors has a nega- 
tive temperature coefficient 
of resistance of 20 ppm per 
deg C; advantageous in high 
frequency communications 
and electronic applications. Wattages and maximum re- 
sistances are: 4 watt, 5 megohms; 4% watt, 10 megohms; 
Y% watt, 50 megohms; 1 watt, 500 megohms; and 2 watts, 
5000 megohms. Tolerance maintained in production is 1 
per cent. Resistors are said to have greater stability and 
a lower noise level than carbon-film resistors. Wilkor Prod- 
ucts, Inc., 2882 Detroit Ave., Cleveland 13. 


For further information, circle No. 3 on Reader Inquiry Facility, page 189 


PRECISION WIRE-WOUND POTENTIOMETERS 


Single-turn linear and nonlinear type 162 potentiometers 
are specifically designed for applications such as military 
airborne instrumentation and computers. Maximum re- 
sistance is 150,000 ohms linear with a maximum resistance 
taper of 480 ohms per deg of rotation. Accuracy of linear 





windings is +0.15 per cent of total resistance; for nonlinear 
windings, +0.5 per cent total resistance. Total resistance 
tolerance is +1 to +5 per cent. Tap location tolerance is 
+0.5 deg. Temperature coefficient is 0.0002 parts per deg C 
for most units. Other characteristics: ambient temperature 
range, —55 to +55 C; capacitance to ground, about 40 
mmf from winding to case; power rating, 2.5 watts for 
linear models; starting torque, 0.5 oz-in. per unit; electrical 
rotation, 350+ 1 deg max; mechanical rotation, 360 deg 
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continuous. Phenolic insulation used in potentiometer is 
treated to minimize moisture absorption and fungus; insu- 
lation resistance is 100 megohms min from winding to case, 
Precious metal wiping contacts give an operational life 
better than 1 million cycles for speeds up to 100 rpm. One- 
piece metal housing has sleeve bearings in end plates, stain- 
less steel shaft. Potentiometers may be ganged and special 
shafts including double extension may be furnished. Units 
are 1.62 in. diam x 0.968 in.; for ganged assemblies, each 
additional unit increases length 0.726 in. Weight is 24% 
oz, for one unit, 1% oz for each additional unit. George 
Rattray & Co., Inc., 92-32 Union Hall St., Jamaica 5, N. Y. 


For further information, circle No. 4 on Reader Inquiry Facility, page 189 


THUMB FASTENER 


Designed for use as a permanent fastener where rapid 
assembly or disassembly is required or to replace screws 
or bolts securing parts occasionally removed for service 





or inspection. Called Thumweld, fastener is applied in a 
hole from one side only. Thumb pressure on lever alone 
is sufficient to lock the fastener. To release, lever can be 
pryed up with a screwdriver or thumb nail. Fastener for 
46-in. hole can be loaded up to 15 lb. but in applications 
where heavy vibration is encountered maximum loading is 
5 lb. Available for holes from 1% to % in. and material 
thicknesses up to % in. The American Shower Door Co., 


1028 La Brea, Los Angeles 38. 


For further information, circle No. 5 on Reader Inquiry Facility, page 189 


PERMANENT MAGNET D-C MOTORS 


Miniature d-c motors for 
applications ranging from 
fans and blowers to tele- 
metering sequence switch 
drives are 1% in. diam x 
1% in. long and weigh M 
2% oz. Motor voltage rat- 
ings from to 28 volts 
are available. Cylindrical or ring type Alnico 5 field magnet, 
14 segment commutator, and ball bearings are used in 
motor. At typical operating point for 27-volt motors, output 
power developed is 4 watts at 9000 rpm, current is 300 ma 
and efficiency 50 per cent. Front flange or base mounting 
types are available. High altitude brushes can be furnished. 
Servo-Tek Products Co., Inc., 4 Godwin Ave., Paterson 1, 
N. J. 


For further information, circle No. 6 on Reader Inquiry Facility, page 189 


EXTRUDED PLASTICS TUBING 


Vinyl tubing, Flexlite, for use as electrical insulation is 
UL-approved for operating temperatures up to 105 C. Tub- 
ing is stocked in six standard colors for wires from No. 20 
to No. 0 (B & S). Wall thickness of 0.016 and 0.020 in.; 
continuous rolls and 36-in. length. Tensile strength is 
2500 psi min average; ultimate elongation, 300 per cent; 
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No More Lost Ends... 


When Warner ICB Units 








Are on the Beam! : 


Shows position of Warner 10” Brake 


on presser roll (upper) and 9 x 21/2” 
Brake on main driving shaft (lower). 


Cocker Machine and Foundry Company's new high speed spindle Shows position of Warner 5” 
driven beam warper incorporates three Warner ICB Brake Units. ICB Brake Unit on crossover roll. 


What Cocker says About the 
WARNER “ICB” Unit 


Performance, cost and appearance of our high speed, 
spindle-driven beam warper were improved by using 
Warner ICB Brake Units, They provide faster stopping, 
thus preventing “lost ends” when a break in yarn occurs. 
With Warner ICB Brakes, machine stops in 11/4 yds. 
at 500 yds. per minute machine speed. This compares 
with 5 yds. at the same machine speed when solenoid 
brakes were used. Warner ICB Units are easier to 
mount, require less space, eliminate noise and require 
no mechanical adjustments. Warner ICB Brake Power 
can be varied according to task, eliminating ‘‘skidding”’ 
of certain machine components. They are less expensive 
than the solenoid brakes formerly used. 





Warner “ICB” Units are electrically-powered, low- 
wattage clutches and brakes. They can be operated 
singly or in combination — automatically or by push- 
button control. Being electric, they give lightning- 
fast response. Compact and simple, they provide easy 
installation and long-term dependable operation. 
They’re a new answer to a wide variety of old ma- 
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chine design and operation problems. For further 
information on how Warner “ICB” Units may help 
you — write today to the WARNER ELECTRIC BRAKE 
& CLutTcH Co., Dept. EM, Beloit, Wisconsin, 


Vera 





Warner ICB Units are manufactured by Warner Electric Brake & Clutch Co.— 
Pioneers in the field of electric brake and clutch design and application since 1927. 
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dielectric strength for 0.020-in. wall, 800 vpm. Tubing 
remains flexible at temperatures down to —30C. L. Frank 
Markel & Sons, Norristown, Pa. 

For further information, circle No. 7 on Reader Inquiry Facility, page 189 


SUBMINIATURE BEAM-POWER TUBE 


Designed for use in military and 
other applications where tube is sub- 
ject to excessive shock and vibration, 
type 5851 beam-power amplifier is suit- 
able for frequency doubler operation 
up to 400 mc; output power is 120 
mw. As a class A amplifier tube 
will deliver 650 mw audio output with 
10 per cent total harmonic distortion. 
Tube has a T-3 envelope and may be 
soldered into circuit or used with 
standard subminiature socket. Filament 
is rated at 2% volts, 55 ma but may 
also be operated at 1% volts, 110 ma. 
Maximum ratings: plate, 180 volts; screen grid, 135 volts; 
control grid, —80 volts; plate dissipation 1.5 watts; screen 
dissipation, 0.3 watts; cathode current, 12 ma; altitude, 
60,000 ft; impact, 500 g; ambient temperature 200 C; Ce», 
0.06 mmf. National Union Radio Corp., 350 Scotland Rd., 
Orange, N. J. 


For further information, circle No. 8 on Reader Inquiry Facility, page 189 


PLATE-CIRCUIT RELAYS. 


LM series relays, using a long-coil construction with 
2500-, 5000- or 10,000-ohm windings, have pull-in currents 
as low as 1 ma; contact pressure is sufficient to carry 5 





amp. Nominal operating power is 0.1 watt. Design includes 
an adjustable armature return spring to meet unusual, 
variable voltage or current conditions. Adjustable residual 
screw on armature controls ratio between pull-in and pull- 
out current. Contact combinations up to DPDT;; rating is 
5 amp, 115 volts, 60 cycle noninductive. Coils are wound on 
bobbins fabricated from phenolic sheet and tube and then 
varnish impregnated and baked. Also available are LS series 
relays which are smaller in size. Adjustments on LS type 
are preset at factory to maximum sensitivity and lowest 
differential. Available in SPDT only with 2500- and 5000- 
ohm windings. Nominal operating power is 0.2 watt, ad- 
justed to pull in at about 5 ma. Potter & Brumfield, Prince- 
ton, Ind. 

For further information, circle No. 9 on Reader Inquiry Facility, page 189 


CERAMIC DISK CAPACITORS 


Series of disk capacitors 
for by-pass and coupling ap- 
plications includes five basic 
types. Size and capacitance 
range for each are: type 2TM, % in. diam, available in 
single capacity units from 500 to 1000 mmf; type 6TM, 
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1%> in. diam, in single capacity units from 50 to 5000 mmf 
and dual capacity units from 2 x 100 to 2 x 2500 mmf; and 
type 8TM, % in. diam, in single capacity units of 10,000 
mmf only and dual capacity units from 2 x 3000 to 2 x 
10,000 mmf. All capacitors are rated at 500 volts d-c work- 
ing. Operating temperature range from 10 to 65 C. Phenolic 
coating and high temperature wax impregnation protects 
against humidity and accidental grounds. Cornell-Dubilier 
Electric Corp., South Plainfield, N. J. 


For further information, circle No. 10 on Reader Inquiry Facility, page 189 


MAGNETIC AMPLIFIERS 


Line of packaged push-pull 
60- and 400-cycle magnetic 
amplifiers is for automatic 
control and servomechanism 
applications. All components 
are enclosed in a sealed metal 
can and leads are brought out 
through sealed __ terminals, 
Power ratings for 115-volt 
400-cycle models are 5, 10, 
15 and 20 watts; 115-volt 60- 
cycle models have outputs of 
2, 5 and 10 watts. Input re- 

sistances of 1, 10 or 400 ohms 
can be furnished as well as output voltages of 220, 115, 67 
or 26 volts. In typical amplifier, Model MA-41001-CY, 
maximum power gain is 6 x 10°; sensitivity is such that 60 
microamp d-c input produces 10 per cent of full power 
output, 500 microamp d-c input provides full power output; 
and zero drift is less than 2 per cent of output at zero 
input for line voltage and frequency variations of +10 
per cent. Dimensions of a 10-watt 400-cycle unit are 3% 
x 21% x 41% in. Magnetic Amplifiers, Inc., 11-54 44th 
Drive, Long Island City 1, N. Y. 


For further information, circle No. 11 on Reader Inquiry Facility, page 189 





400- AND 60-CYCLE FHP MOTORS 


Line of Type H'C-268 capacitor-run single-phase or poly- 
phase induction motors includes models for operation on 
400- or 60-cycles. Ratings for 400-cycle motors range up to 
0.01 hp at 7200 rpm for continuous duty and up to 0.02 hp 
for intermittent duty; 60-cycle motors have ratings up to 





0.0033 hp at 3000 rpm on continuous duty. Motors available 
with permanently sealed construction. Ambient temperature 
operating range is from —55 to 70 C. Shaft is 4% in. diam. 
Three tapped holes for flange mounting. Dimensions are 
146 in. diam x 27%2 in. long. John Oster Manufacturing 
Co., 1 Main St., Racine, Wis. 


For further information, circle No. 12 on Reader Inquiry Facility, page 189 


VINYL FILM TAPE 


Made with a stabilized 6-mil vinyl film backing and a 
noncorrosive adhesive, Permacel-29 tape is 7 mil thick and 
has a maximum insulation resistance of 88,000 megohms at 
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G-E ADJUSTABLE-SPEED DRIVE 
CUTS MILLING TIME BY 1/3 


Exact speed set with finger-tip ease 
to meet varying job requirements 


According to engineers of the Judson Steel 
Corporation, Oakland, Calif., a G-E Type 
ACA motor has reduced the time necessary 
to mill deformations on steel rolls by as much 
as 33% —and with less wear or damage to 
cutting heads. 

The steel rolls are in turn used to process 
concrete reinforcing bars, and cuts vary in 
depth and number according to size of type 
of bars to be rolled. The ACA motor makes 
possible quick and accurate speed adjust- 
ment so that proper cutting speeds may be 
chosen to meet any specifications immediate- 
ly. Higher speeds may be selected for smaller, 
shallow cuts—slower for deep cuts. 

The ACA motor, one of G-E’s adjustable-_ 
speed family, is helping manufacturers in 
every field to increase production with im- 
proved quality control, saving scarce ma- 
terials, cutting rejects, and increasing ver- 
satility of existing machinery. There’s a good 
chance that one or more of this versatile 
adjustable-speed drive family can do the same 
for you. Send the coupon below for complete Speed of the ACA motor driving this milling machine is quickly set by 
details. Apparatus Dept., General Electric Co., a twist of the nob on top ta match machine speed to any given job. 
Schenectady 5, N.Y. 
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WHICH DRIVES ARE BEST FOR YOU? 


This 26-page manual will help you 
decide. It shows you how to go about select- 
ing the right drive. The handy drive chart 
included is worth your detailed study. 
Bulletin GEA-5334. Check here........ | 


THE ACA MOTOR—Speed ranges to 20:I—An 
adjustable-speed a-c motor. Speed range 3:1 
or 4:1 continuous; for intermittent operation 
from 6:1 to 20:1. Bulletin GEA-4883. Check 









THE SPEED VARIATOR—Speed ranges to 40:1 
—An adjustable-voltage d-c drive that uses a-c 
power. Speed ranges 8:1 to 40:1 and beyond. 
Bulletin GEA-5335. Check here.......... [- 
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General Electric Company, SectionE 646-9 


— range 
Apparatus Department, Schenectady 5, N. Y. THY -MO-TROL"—Epeed + t Ol—The 


most accurate, most versatile, and fastest acting 


Please send me the bulletins checked: of all G-E adjustable-speed drives. Speed 


ranges of 100:1 or better. Bulletin GEA-5337. 
for reference only Check here 


‘ for planning an immediate project _ 


NAME ELECTRONIC SPEED VARIATOR—An electronically 
are controlled version of the Speed Variator that offers 
COMPANY al : most of the features of Thy-mo-trol for applications 
in the 15 to 60-hp range at moderate cost. Bulletin 
ADDRESS __ ngs) a GEAGIOG GHMNIDs oa coin ciesccccicsiced 


NN ee * Thy-mo-trol is the General Electric Company's registered trade- 
mark for its electronic motor-control system. 


Oe ee 
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How to keep 
Line "FEATHERS" 


out of your hair ! 


It was a clean, sharp line till it had to be erased. But 
when it was re-inked, brother how it feathered and 
“blobbed”! 

Feathering lines are one of the things you don’t 
have to worry about with Arkwright Tracing Cloth. 
Even erased surfaces will take a neat, sharp line. 
What's more, you'll never find pinholes, thick threads 
or other imperfections in Arkwright cloth. You'll 
never have to fear that your drawings will discolor, 
go brittle or become opaque with age. A drawing 
on Arkwright Trac- 
ing Cloth will yield 
clean, clear blue- 
prints years after 
you make it. 

Aren't your 
drawings worth 
this extra pro- 
tection? Ark- 
wright Finish- 
ing Co., 
Providence, 

R. 1. 
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4 
91 per cent RH. Dielectric strength is 7500 volts and elonga, 
tion of 200 per cent. Tape is UL-approved as sole insula- 
tion for splices in either braided or unbraided thermoplastic 
or rubber insulated wires. Adhesion is 25 oz per in. of 
width; tensile strength is 26 lb per in. of width. Industrial 
Tape Corp., State Highway 25, New Brunswick, N. J. 
For further information, circle No. 13 on Reader Inquiry Facility, page 189 ; 
VARIABLE-SPEED TRANSMISSIONS 
é 
§ 


Line of variable-speed transmissions, 150 series, using 
cone-and-ring principle of speed changing, has ratings 
ranging from % to 1% hp with input speeds of 1800 and 





1200 rpm. Speed can be varied infinitely while running 
or stationary. Inherent overload protection protects trans- 
mission and driven machine from damage due to overload 
or jam in driven equipment. All units are available either 
with motor or with input shaft extension for coupling to 
separate motor or belt drive. All sizes can be furnished 
with standard output construction delivering speeds from 
0.37 to 0 times input speed or with a wide variety of types 
and ratios of built-in gear reducers. Designed for use with 
NEMA C-flange motors. Micrometer speed control is 
standard but single-turn friction lock controls are available; 
also standard mechanical, electrical, hydraulic or pneumatic 
remote controls. Dimensions of standard type are about 
171% x 934 x 9 in. Graham Transmissions Inc., 3754 N. 
Holton St., Milwaukee 12, Wis. 

For further information. circle No. 14 on Reader Inquiry Facility, page 189 


HERMETICALLY SEALED CAPACITORS 


Hermetically sealed min- 
iature paper capacitors are 
assembled in metal tubes 
with glass-metal terminals. 
“Glasseal” Type PG capaci- 
tors are said to meet armed 
services tests for high vacu- 
um, high pressure, tempera- 
ture cycling, immersion cyc- 
ling and corrosion. Capaci- 
tance range: 0.001 mf to 1.0 mf. Operating voltage range: 
100 to 600 volts d-c. Temperature range with silicone-oil 
impregnant : —55 C to +125 C; lower ranges for Hallowax 
and mineral oil impregnants. Pyramid Electric Company, 
1445 Hudson Blvd., North Bergen, N. J. 


For further information, circle No. 15 on Reader Inquiry Facility, page 189 


QUICK-RELEASE PINS 


Positive lock quick-release PIP pins are used like a 
bolt except separate retaining devices such as cotter keys 
or nuts are not needed. Mechanical locking arrangement is 
employed which locks pin when pushed into the proper 
size hole. In locked position, two hard steel balls diametri- 
cally placed protrude beyond diameter of pin shank where 
they are held by large diameter of a spring-loaded internal 
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S CRATING Ate. 





“It always happens on Ironing day” 


*BH Non-Fraying Fiberglas Sleevings are made by an exclusive Bentley, Harris process (U. S. Pat. No. 2393530). ‘‘Fiberglas’”’ is Reg. TM of Owens-Corning Fiberglas Corp. 
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The breakfast dishes done, Mrs. 
Gilbert starts to work her way through 
a mountain of things to be ironed .. . 
It seems she has no more than started 
when—Pfft—something blows and the 


iron is dead as a mackerel . . . Mr. 
Gilbert has the car, so Mrs. Gilbert and 
her iron take the bus to town... An 


hour later, they are in Mr. George's 
shop... 


It’s the same old story—in order to 
save a few pennies the manufacturer 
had used an electrical insulation that 
just wasn’t tough enough to stand the 
strain! . . . Mrs. Gilbert was glad to 
have her iron fixed—but she is certainly 
mad at the manufacturer. 


g it... bend it... there is no 
splitting or cracking because no hard- 
ening varnish or lacquer is used in BH 
Extra Flexible Fiberglas Sleeving. It is 
“always as flexible as string” from —50°F 
to 1200°F, with color retention up to 
300°F.' Tough and long lasting, it 


resists abrasion and wear —unaftected 
by oil or grease. 


Assembly time is speeded with the 
easy-to-handle tubular shape and unu- 
sual non-fraying qualities. Cut BH Extra 
Flexible Fiberglas Sleeving as short as 
you want—spread it over knobs and 
terminals—it will not fray! Add the 
feature that it doesn’t support combus- 
tion and you know why this versatile 
electrical insulation is finding new 
applications every day. 


BH Extra Flexible is one of a family 
of BH insulations, each designed to 
meet particular conditions in service. 
Give us a few facts about your require- 
ments—product, temperatures, volt- 
ages. We will furnish production 
samples for testing. 


Address Dept. M-4 
Bentley, Harris Manufacturing Co. 
Conshohocken, Pa. 











compound melters 


“hold 

extreme 
accuracy 
in heat” 















ey 
F oo 
@ Expendable wax patterns being cast in machined die. 





Controlling the fluidity of wax with variable thermostats on 
$ta-Warm model WV compound melters is all in the day’s 
work at Precision Metalsmiths, Inc., Cleveland, Ohio. 


Here eupagemte patterns of wax (about 50% paraffin base) 
are made by pumping melted material directly from Sta- 
Warm melters into cast or machined dies through upright 
injection nozzles. 


Uniform heat under accurate temperature control provides 
soft or fluid wax as required. 


“Your Sta-Warm melters hold extreme accuracy in heat’ re- 

rts R. H. Miller, President, Precision Metalsmiths, Inc. 
f you want to heat compounds uniformly to close tolerances 
or solve unusual melting or dispensing problems, write 
Sta-Warm today outlining your requirements. No obligation. 


Ca-Warim ELectRIc co. 


565 N. CHESTNUT ST., RAVENNA, OHIC 








No false contacts 






No chatter 


Quiet in operation 







Eliminates double 
contacting or 
breaking of circuit 





Durakool 


STEEL MERCURY TIMERS 





The steel-clad “fixed time’ Durakool 
timer-relay operates in “sealed in” 
hydrogen under pressure, with mercury 
to mercury contacts. Timing is tamper- 
proof. Non-breakable and built for 
millions of contacts. Fixed time delays 
available from 1/6 to 20 ened 
either normally open or normally 
closed action. 





Send for Bulletin 800 


See Telephone Directory for Local Distributor 


or write 


Durakool, Inc. Elkhart, Indiana 
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plunger. Action of pushing or pulling the button when in 
serting or withdrawing pin causes plunger to move forward 
or backward allowing balls to sink below large diameter of 
pin shank. Standard pins are available in sizes from 4% 





to 1 in. diam and lengths from 0.3 to 4.0 in. Shear strength 
ranges from 3930 Ib for %-in. diam pin to 65,850 Ib for 
l-in. diam pin. Cadmium plated to military specifications, 
When used in hardened steel sockets or plates, drilled to 
within 0.001 in., the 3¢-in. pins will withstand tension loads 
up to 1500 Ib. Aviation Developments Inc., 2940 N. Holly- 
wood Way, Burbank, Calif. 


For further information, circle No. 16 on 


IHP GEARMOTORS 


Line of integral horsepower gearmotors includes venti- 
lated enclosed and totally enclosed fan-cooled types. Single- 
phase motors are available in ratings up to 1 hp; polyphase 
and d-c motors up to 7% hp. Six types and 16 sizes of gear 


Reader Inquiry Facility, page 189 





boxes can be furnished with motors. Gear types include 
single or double reduction for either worm gear or combi- 
nation worm-and-planetary gears. Janette Manufacturing 
Co., 556-558 W. Monroe St., Chicago 6. 


For further information, circle No. 17 on Reader Inquiry Facility 


STAND-OFF CAPACITOR 


Hermetically sealed style 325 
stand-off ceramic capacitors are for 
by-pass applications. Capacitor is 
mounted in a hole in chassis by a 
standard push-on clip. By-pass_ to 
ground is provided through the met- 
al case which is connected to one 
side of capacitor. As a result, series 
inductance to ground is low. Other 
side of capacitor is connected to 
post terminal on end; capacitor ter- 
minal height matches tube-socket ter- 
minal height to provide short leads. 
Capacitances from 10 to 1500 mmf; 
standard tolerances are +20 or +80 and —20 per cent; 
rated voltage, 500 volts d-c; power factor, 0.2 per cent at 


page 189 
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PLASTICS 
..plus Related Materials 


ND AG Le 






under MPc Supervision 


Good product design frequently teams molded plastic parts with other 
related materials. Stamped metal fittings may be required...or inserts of 
glass, rubber or fibre. Producing such combination assemblies is routine 
procedure at MPc. 
FREE “Data Book of MPc Facilities” Under MPc guidance, the component parts are designed and engineered 
An engincering-aye view of ifs prose to complement each other perfectly. Production in scheduled quantities, 


ae ee aa proper assembly and on-time delivery...all this becomes MPe’s undivided 


special skills available for your use. responsibility. 
Write for your copy. Isn’t this the kind of service you require to ease the strain of augmented 


production schedules? Submit your plastics molding problem to Motpep 
Propucts Corporation, 4535 W. Harrison St., Chicago 24, Illinois. 
oe ae 


MOLDED iy PRODUCTS 


cORPORAT 1 
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Regardless of how many or what 
type operations are called for to 
produce your precision ground 
parts, Allied has the machinery, 
equipment—and proven ability- 
to perform these operations... 


quickly . ... economically .. . 


and to your most exact specifi- 


cations. 


. . 
~ a 


‘ -, ALLIED PRODUCTS CORP. 
S ALLIED = DEPARTMENT B-3 


CORPORATION 12651 BURT ROAD, DETROIT 23, MICH. 


HARDENED AND PRECISION GROUND PARTS 
e ALLITE ZINC ALLOY DIES e R-B INTER- 
CHANGEABLE PUNCHES AND DIES ¢ STANDARD 


CAP SCREWS © SPECIAL COLD FORGED PARTS * SHEET METAL 


DIES FROM THE LARGEST TO THE SMALLEST e JIGS @ FIXTURES 











1 me for capacities up to 30 mmf, 0.1 per cent from 30 to 
100 mmf and 2.5 per cent at 1 ke and 5 volts rms max for 
values above 100 mmf. Leakage resistance is 7500 megohms 
min. Temperature coefficient for all values up to 100 mmf 
is + 500 ppm per deg C; above 100 mmf, capacitance does 
not change more than +10 or — 20 per cent from value at 
25 C over range from —40 to + 85 C. Dimensions: %g 
x 0.250 in. diam. Erie Resistor Corp., 644 W. 12 St., Erie, 
Pa. 

For further information, circle No. 18 on Reader Inquiry Facility, page 189 


MODIFIED PHENOLIC RESIN 


Corrosion-resistant modified phenolic resin, Kemplas, can 
be either cold cast into desired shapes or laminated with 
glass cloth and molded into shape. Material has excellent 
corrosion resistance. In one application material withstood 
60 per cent hydrofluoric acid at elevated temperatures for 
2 years without attack. In another, material was subjected 
to a combination of sulfuric and hydrofluoric acid at 160 F 





and withstood the acids 12 times as long as special alloys 
previously used. Resins are stable up to 375 F but recom- 
mended top operating temperature is 350 F. Impact strength 


‘of cast parts is 0.30 to 0.36 lb-ft per in. notch Izod; lami- 


nate has a strength of 13.1 lb-ft per in. notch. Water ab- 
sorption for cast parts is 0.08 to 0.18 per cent by ASTM 
test D570-42. Tensile strength is 1740 to 2900 psi cast, 
16,500 psi laminated. General Ceramics and Steatite Corp., 
Keasbey, N. J. 


For further information, circle No. 19 on Reader Inquiry Facility, page 


FAN MOTOR 


For use with vertically or horizontally operated belt- 
driven fan, motor has a bearing construction designed to 
earry thrust loads caused by weight of rotor and pulley. 





Vertical operation of motor with shaft extension up of 
down is permissible. Two models: type FHT is a split- 
phase 115-volt motor rated at % or % hp; type FJ is a 
capacitor-start motor for 115/230 volts rated at % hp. 
Continuous temperature rating is 50 C for type FHT, 40 C 
for type FJ. Both are reversible by changing external 
connections. Large oil reservoirs are packed with special 
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AN approved (3303-1) 


ELECTRONIC AND 
COMMUNICATION RELAYS 









@ Hundreds of thousands of R-B-M telephone type AN approved (3304-1) 
relays saw Government service in World War II. Now 
most of these relays are available in hermetically 
sealed enclosures designed to meet AN specifications. 


R-B-M hermetically sealed telephone type relays 
are available in contact forms up to and including 4- 
pole, double throw, 3 ampere, 28 Volts D.C. construction. 
Also 10 ampere rating up to and including 2-pole 
double throw at 28 Volts D.C. All relays available with 
approved AN plug connector, or solder connections. 


Engineers! What is YOUR hermetically sealed relay re- 
quirement? R-B-M is developing new and smaller relays to 
meet Armed Services requirements. Perhaps one of these 
will solve your problems. Write giving complete relay spec- 
ifications, application, quantity and AN specifications ap- 


plying. Address Dept. A-4. 


R-B-M Production and En- 
gineering facilities in two 
plants, located in different 
states, (over a quarter 
million square feet), can 
assist you in the develop- 
ment and production of 
special electro-magnetic 
devices for Armed Serv- 
ices application. 





R-B-M DIVISION ESSEX WIRE CORP. 


ogansport, Indiana 


MANUAL AND MAGNETIC ELECTRIC CONTROLS —FOR AUTOMOTIVE, INDUSTRIAL, COMMUNICATION AND ELECTRONIC USE 
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FOR YOUR PANEL 


A NOVEL and UNIQUE CIRCUIT INDICATOR 


DESIGNED FOR 
NE-51 NEON LAMP 
For 110 or 220 
volt circuits 
The required resistor 
is an integral part 
of this assembly 
—*‘built-in.” 
RUGGED 
DEPENDABLE 
LOW IN COST 


WILL YOU TRY A SAMPLE? 


Write on your company letterhead. We will act at once. 
No charge, of course. 
SEND FOR THE 192 PAGE HANDBOOK OF PILOT LIGHTS 
Among our thousands of Pilot Light Assemblies there is one 
which will fit your special conditions. Many are especially 
made and approved for military use. We pride ourselves 
on prompt deliveries—any quantity. 


ASK FOR OUR APPLICATION ENGINEERING SERVICE 
Foremost Manufacturer of Pilot Lights 
The DIAL LIGHT COMPANY 


of AMERICA 
900 BROADWAY, NEW YORK 3,N. Y. SPRING 7-1300 





O ahemasatds \ 
CONDUCTION or BI-METAL 


Types 


Base plate in full area contact with 
heated surface results in minimum 
overshoot, smaller cycling differen- 
tial, faster response. Can be sup- 
plied pre-calibrated to any desired 
range from 70°F. to 600°F. with 
shaft height optional up to 2” 
overall. Adjusting set screw permits 
trimming to close limits. 


Rating: 1200 W_ 115-230V AC- 
1500W Available 


Dimensions—End Mounting ‘Type: 
Length 2%”, Height 13/16” not in- 
cluding shaft, Width 5%”, Mounting 
Centers 2-9/16”. 


Side Mounting Type: 
Length 244”, Height 13/16” not in- 
cluding shaft, Width 134”, Mount- 
ing Center 1-1/16”. 


A compact, durable bi-metal type 
Thermostat. Maximum sensitivity. 
Welded terminal lugs and contacts. 
Rating: 1200W 115-230V AC 
Dimensions: Length 1-15/16” incl. 
terminals, Height 34” without shaft 
which is optional up to 2” overall, 
Width 5%”, Mtg. Center to adjust- 
ment shaft 11/16”. 





Write for Detailed Design Data and Latest Price Schedule 


AMERICAN GENERAL THERMOSTAT CORPORATION 


2060 BRONX STREET NEW YORK 60, N. Y. 
ELISE CL OE OE LT NN ETE ETRE ISS BIEN 
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wool wicking ; retaining cups prevent loss of oil. Automatic 
overload protection. Westinghouse Electric Corp., Box 
2099, Pittsburgh 30. 


For further information, circle No. 20 on Reader Inquiry Facility, page 189 


BIMETAL THERMOSTAT 


Model A-7 bimetal thermostat with nickel-steel thermal 
element is rated at 1000 watts, 115-230 volts a-c. Tempera- 
ture range up to 600 F. Welded terminal lugs and contacts 
give rigid shaft support and assure maintenance of ori- 
ginal calibration. Differential is about + 20 deg; SPST 





pure silver contacts welded to steel contact springs; pre- 
calibrated to within +25 deg. Calibration adjustment 
is located in center of control shaft. Dimensions: length, 
11%6 in. including terminals; height, 34 in. without shaft; 
shaft height up to 1% in.; width, 5g in. American General 
Thermostat Corp., 2060 Bronx St., New York 60. 

For further information, circle No. 21 on Reader Inquiry Facility, page 189 


D-C ACTUATOR 


While designed primarily to power a gear rack assembly 
used in aircraft control equipment, 24-volt d-c actuator can 
be easily adapted to other applications such as tripping 
mechanisms, switches and valves; also furnished for 110- 





watt a-c operation. Spring design provides minimum pres- 
sure in the open position and maximum pressure in closed 
position for fast return. Tests indicate a life of over 2 
million operations. Actuator is normally adjusted for Ye 
in. armature travel. Assembly weighs 2 0z; mounting is by 


two 6-32 screws. ETC, Inc., Niles., Mich. 
For further information, circle No. 22 on Reader Inquiry Facility, page 189 
i 


SMALL SILICONE RUBBER PARTS 


Grommets, bushings, seals and other mechanical parts of 
silicone rubber are available to specification up to a maxi- 
mum weight of approximately 2 oz. Size and shape are 
limited only by the same factors affecting molded rubber 
parts. Silicone rubber has an operating temperature range 
from —130 to 300 F, good dielectric properties and elec- 
trical resistivity of about 1 million megohms per cc. Min- 
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Teas Shakeproof inc. 


SA MOOV ee nae 4 By aaa ~ 


Division of Illinois Tool Works 
2501 North Keeler Avenue, Chicago 39, Illinois 
In Canada: Canada Illinois Tools, Ltd., Tororito, Ontario 


nesota Rubber and Gasket Co., 3630 Wooddale Ave., 
Minneapolis 16, Minn. 
For further information, circle No. 23 on Reader Inquiry Facility, page 189 


CHRONOMETRIC GOVERNED D-C MOTOR 

Speed of series 5800 d-c 
timing motor is governed by 
a jewelled escapement which 
applies power pulses at full 
line voltage to motor with 
pulse duration determined by 
rotational travel of motor. 
Thus motor travel is held 
constant during each time in- 
terval regardless of load 


(within rating). Escapement 
SORENG mechanism produces 900 beats 


per min; timer can be used 
os 
is the word for 





in military applications where 

vibration frequencies up to 300 cps, accelerations up to 10 g 
and roll oscillations are encountered. Available speeds range 
from 1 rph to 2700 rpm. Dimensions are 24% x 21% x 2%e 
in.; weight, 8 oz. The A. W. Haydon Co., 232 N. Elm St., 
Waterbury 20, Conn. 

For further information, circle No. 24 on Reader Inquiry Facility, page 189 


SLUG-TUNED COIL FORM 
Type LS-8 slug-tuned coil form, % in. diam Xx %p in, 
long, has silver plated phosphor bronze clip terminals. 
Mounts in punched D-hole or in %-in, round hole. Coil 
form is grade L-5 silicone-impregnated ceramic. Slug is 





Soreng electrical specialties for appliances, 
machines and other equipment are designed, engi- 
neered and built completely in our own extensive 
plants. That’s your assurance of finest quality—in per- 
formance, in materials, in workmanship. Your assur- 
ance, too, of complete satisfaction through years of 
efficient, low-cost, trouble-free service. 





A few of the many Soreng-engineered specialties include:— 
© TT Type Solenoids—for more work per unit volume. 


© Switches—hundreds of various types for automobiles, 
refrigerators, washers, other home appliances, machine 
tools, and many others. 


e@ Terminals—in a wide range of types that speed production 
and cut costs. 


| provided with a spring lock. All metallic parts except clips 

| are cadmium plated. Supplied complete with slug and all 

| mounting hardware. Cambridge Thermionic Corp., 445 

Concord Ave., Cambridge 38, Mass. 

For further information, circle No. 25 on Reader Inquiry Facility, page 189 
Every Soreng component is backed by more than 25 | 
years experience, engineering leadership, and pre- | 
cision manufacturing. You can depend on Soreng 
because Soreng means finest quality electrical specialties! 

j For engineering help with your problems, write— 

without obligation—to Dept. M14. 


| ® 


Specialists In Electrical Specialties 


PRESSURE ACTUATED SWITCH 


Low-pressure switch is 
for use in indicating pres- 
sure drops, power or blower 
failure, automatic air equip- 
ment and protecting equip- 
ment in forced air feed 
systems. Diaphragm in 
switch is linked to a snap- 
action limit switch by a ber- 
yllium copper spring. Pres- 
sure changes move _ the 
spring and actuate switch 
to open or close circuit. Cap- 
able of operation on differ- 
ential pressures up to 4 in. of water. Switch contacts are 
rated at 10 amp, 110 volts a-c. Two models are available 





be LES 


9555 Eden Ave., Schiller Park, Ill. (Chicago Suburb 
lants: Schiller Park, ill ¢ Fremont, Ohio 
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new automatic clutch 
employing GRAMIX parts 
transmits power smoothly 
for a wide variety of jobs 


type R clutch manufactured by 
mercury clutch division gets 
best results with thirteen 


GRAMIKX .... 


There are twelve Gramix actuating wedges as 

well as the one main Gramix bearing in the 

new Type “R” automatic clutch manufactured 

by the Mercury Clutch Division of Automatic Steel 

Products, Inc. of Canton, Ohio. These clutches 

are designed for use on both electric motors and 

gasoline engines and allow the power source to 

reach operating speed before the load is auto- 

matically applied. The load is then applied smoothly 

while the power source operates at an efficient speed. 
After the load is accelerated, power is transmitted at i 
100% efficiency. Mercury Clutches have a great | 
many uses, a few of which are illustrated above. © 

Gramix is proving ideal not only for clutches but 

for thousands of other parts in hundreds of products. 

Gramix powdered metal parts can be die-pressed 

in relatively intricate shapes to tolerances 

within .0005”. Gramix parts are oil im- 

pregnated for self lubrication. They’re tough, 

strong and relatively light in weight. Because 
they require little or no machining, Gramix 

parts cost considerably less than identical, 

machined parts. 

To determine whether Gramix can help cut 

your costs and improve the performance 

of your product, write today to: 85 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION @ SAGINAW, MICHIGAN 
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for every wiring need! 





Accurate 
Friction 
Tape 


Features the best of material 
corefully fabricated to provide 
maximum mechanical protec- 
tion, Available in Standard and 
A.S.T.M. grades. 


Accurate 
Rubber 


Offers high elasticity, high di- 
electric strength and super 
aging qualities. Made in both 
Standard grade and A.S.T.M. 
— A.A.R. Specification tape. 


Accurate 
Plastic 
Tape 





Thin caliper plus a combina- 
tion of good mechanical and 
dielectric strengths offer re- 
duced bulk for tight spots. 


i 
i 


ACCURATE \ 


A QUARTER 
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u best buy 


ACCURATE TAPES 
for the electrical indus- 


try are manufactured to , _ 


precision standards by 
men who have devoted 
a lifetime to produc- 
ing tapes of superior 
quality. Every foot is 
carefully made and con- 
stantly inspected to 
assure uniform high 
quality. The sure way 
to complete tape satis- 
faction is to specify 
ACCURATE by name 
—every time. Get all 
the facts on ACCUR- 
ATE Tape now! Just 
call or write the Accur- 
ate Manufacturing Com- 
pany, Garfield, New 
Jersey, for new illus- 
trated literature which 
includes complete spe- 
cifications and technical 
data covering the en- 
tire ACCURATE line 
of quality tapes. There 
is no obligation, of 
course. 





in tape 





j 





j 
| 
} 
| 
| 


| 
| 
| 
| 


Model 1620 is 4% in. diam and has a minimum setting ot 
0.25 in. of water with a differential of 0.20 in. water or 
greater. Model 1625 is 7 in. diam and has a minimum 
differential of 0.05 in. water for low pressures, 10 per cent 
of setting for higher pressures. Units may be mounted in 
any position and adjustments can be made in field. Settings 
are maintained within + 3 per cent. Pressure connections 
are drilled and tapped for %-in. pipe. F. W. Dwyer Manu- 
facturing Co., 317 S. Western Ave., Chicago 12. 


For further information, circle No. 26 on Reader Inquiry Facility, page 189 


ROTARY ACTUATOR 


Intermittent-duty rotary actuator has a duty cycle of 
full load for 1 sec clockwise, 1 sec off and full load for 1 
sec counterclockwise. Motor is rated at 1% hp, 9000 rpm 
continuous. Case temperature is 110 C at rated duty cycle. 
Silicone-insulated wire is used in motor windings. Actuator 





conforms to AN M-40 specifications and is equipped with 
magnetic clutch and brake, 
drive and torque limiting 
and Manufacturing Corp., 
Angeles 16. 

r further information, circle No. 27 on Reader Inquiry Facility, page 189 


radio noise filter, manual over- 
device. Electrical Engineering 


46012 W. Jefferson Blvd., Los 


JUNCTION BLOCK 


Phenolic junction block, Twin-Block, contains two re- 
ceptacles for standard attachment plug caps. Incorporates 
“short-proof” splice protection wells and is approved by 
UL and CSA for proper applications. Phosphor bronze 





contacts. Knockout will accommodate up to 12-2 type 5 
power cords. Single eyelet provides channel for mounting 
screw or bolt. Dimensions: 2% xX 134 X 0.850 in. United 
Manufacturing and Service Co., 405 S. 6th St., Milwaukee 
4, Wis. 

For further information, circle No. 28 on Reader Inquiry 


Facility, page 189 


PLASTICS BONDING AGENT 
For bonding acrylics or polystyrene, Rez-N-Bond is a 
free-flowing noninflammable bonding agent that produces 
optically clear joints. Cemented joints set almost instantly 
due to rapid penetration of solvents. Jigs are necessary 
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A Problem of Speed Plus Accuracy - 


SMOOTH, RESPONSIVE BRAKES 


GIVE POSITIVE CONTROL! | 





Because of the need for accurate and dependable control of rotation 
speeds under severe weather and working conditions, a TDA Duo- 
Grip Brake is standard equipment on the Halliburton Measuring 
Reel. The machine lowers a wire measuring line and instruments 
into oil wells at speeds up to 1,100 feet per minute. The manufacturer 
states: ““This brake gives good braking effect with little effort on 
the brake lever without sacrificing sensitivity and accurate control.” 
Some have been in service for three and one-half years without 
relining—a clear indication of their excellent performance! 


WHATEVER YOUR BRAKING PROBLEM— 
TAKE IT TO TDA BRAKE DIVISION! 


It’s hard to think of a more important factor of machine opera- Here Are A Few Of The Many Products 
tion than control. When the rotation of equipment must be Which Can Be Equipped With TDA Brakes 
retarded for a time—or brought to a full stop—this matter of 


, ; Centrifuges @ Compressors @ C ec 
control becomes a task for efficient, properly designed brakes. : aaa cinta a a 


Cream Separators @ Diesel hook-ups e Dry cleaning 


That is why more and more machine manufacturers are turning machinery © Extractors © Hoists © Industrial electric 
to TDA Brake Division. Backed by more than 40 years of trucks @ Lathes (automatic) ¢ Looms (textile) ¢ Lumber 
concentrated experience in the field, thoroughly qualified mill machinery @ Machine tools ¢ Materials handling 
specialists are available to analyze your brake needs and to equipment ¢ Motors ¢ Packaging machinery © Paint 


; : a . 2 : : " mixers @ Press brakes © Printing presses © Rolling 
supply equipment precisely engineered for your specific pur alll ©- Sheen: © Wupen Geuled « Wien cet 


poses. TDA Brakes can improve your product’s performance fleners © Winches © Automotive © Farm equipment 
and reduce your customer’s maintenance expense. Mail the Earth moving equipment © Construction equipment 
coupon below—‘oday! Public transportation 


ee 


TDA BRAKE DIVISION—DEPT. E-1 i 
ASHTABULA, OHIO ° 


Please mail brake information on these applications. 
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POWDERMET* 
PARTS 





SEND FOR THIS 
FREE BOOKLET 


Check Powdermet advantages 
for your gears » filters » coms « 
cores « keys « latches « 
becrings - pa = sprockets « 
valves « switch parts 


Powdermet production saved 
400% on this pump housing! 
we 


“Matched pairs” like these... 
actual production parts, one 
produced by conventional 
methods and one Powdermet, 
identical in precision and 
performance...prove the 
amazing economies made 
sible through Powdermet 
Fabrication. And when special 
properties like electrical 
permeability or controlled 
porosity are important, 
Powdermet parts offer func- 
tional advantages too! Exclu- 
sive Powdermet production 
techniques have extended the 
application of powder 
metallurgy to whole new pro- 
duction fields—helical gears, 
stress members, filters—write 
today for the free booklet 
shown here and see how you 
can save with Powdermet parts! 


PMArP 


POWDERED METAL PRODUCTS CORPORATION 
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of “muita 
9335 West Belmont Avenve 
Franklin Park, Illinois 


* Trademark 


only for clamping objects with poorly fitting seams or large 
sections. Handling, buffing and other finishing operations 
can be performed within an hour. No thickening or de- 
terioration will result from prolonged storage. Schwartz 
Chemical Co., Inc., 326-328 W. 70th St., New York 23, 


For further information, circle No. 29 on Reader Inquiry Facility, page 189 


400-CYCLE CHOPPER 


Hermetically sealed chopper, Model A589, is silicone 
insulated and shock mounted, and constructed in accord- 
ance with military specification AN-E-19, Balanced SPDT 
contacts only. Square-wave signal output from contacts 





differs in phase from 400-cycle driving sine wave by 65 
deg. Frequency range is from 380 to 420 cycles. Coil 
pickup, a measure of residual noise, is well below 1 mv 
with contacts and reed 1 megohm above ground; internally 
shielded for minimum noise. Can be operated from —65 to 
85 C. Airpax Products Co., Middle River, Baltimore 20, Md. 


For further information, circle No. 30 on Reader Inquiry Facility, page 189 


POWER SHEAR 


Adjustable-speed power shear, Vari-O-Speed, provides 
full capacity continuous or single-stroke shearing within 
speed range from 30 to 200 rpm. Shear can be used for 
cutting various materials from plastics to stainless steel. 
Nonrepeating clutch allows single-stroke operation with 
the shear blade moving at any desired speed within the en- 





tire range of the unit. Speed of shearing stroke for both 
continuous and single-cycle operation is controlled by a 
control handle located at operator’s left. Available in 12 
and 24 in. sizes with a shearing capacity up to No. 16 
gage sheet steel. O’Neil-Irwin Mfg. Co., 309 8th Ave., 
Lake City, Minn. 


For further informction, circle No. 31 on Reader Inquiry Facility, page 189 


BELLOWS 


Line of Flexon bellows is available in a wide range of 
sizes and metals including, brass, stainless, bronze, monel 
and inconel. Sizes range from %6 in. ID to 34%4 OD. 
Single- and multiple-ply construction; various lengths up 
to about 26 in. Bellows may be provided with variety of 
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Leading the Quality Field for more than 25 Years 


e built for durability 


e engineered for — 
trouble-free operation 


K +e fe ad EL a. e designed for standard 


and special applications 
TRANSFORMERS 
for all ARMY—NAVY specifications 


use KENYON TRANSFORMERS for 
RADAR e BROADCAST e SPECIAL MACHINERY 
JAN APPLICATIONS e ATOMIC ENERGY 
EQUIPMENT e AUTOMATIC CONTROLS 
EXPERIMENTAL WORK 


wrte or dees KENYON TRANSFORMER CO., Inc. 
840 BARRY STREET - NEW YORK 59, N. Y. 
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DR YOUR COPY OF THIS 






60 pages of 
valuable informa- 


tion describing 

the entire 

line of 

Honeywell 
Automatic Controls 













ta * a cn 
Sati. nailed cichlids. adie: 


Tue KIND of information you want, right at 
your finger tips . . . on pneumatic and electric 
non-indicating controls for temperature, pres- 
sure and humidity. 


Included are many types of switches and relays 
... temperature and pressure controllers. . . all 
types of valves . . . and scores of other inex- 
pensive, accurate and dependable controls. 


Catalog No. 8304 is complete and factual... 
contains detailed specifications for all prod- 
ucts, with complete supplementary price lists. 
It belongs in your files for ready reference... 
send for your copy today. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, 4466 Wayne Ave., Phila- 
delphia 44, Pa. Offices in more than 80 princi- 
pal cities of the United States, Canada and 
throughout the world. 


HCN 


\ BROWN INSTRUMENTS 
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fittings and attachments. Pressure range 
for stainless bellows is up to 850 psi in 
certain types; brass, 400 psi. Chicago 
Metal Hose Corp., 1316 S. 3rd Ave. 
Maywood, Ill. 


ee No. 32, Reader Inquiry Facility, page 189 


ADJUSTABLE SEALED TIMING RELAY 

Hermetically sealed time-delay relay 
with timing ranges up to 3 min can be 
adjusted without breaking seal by turning 
a screw located outside the sealed space, 
Adjustment permits timing to be changed 
over a 5:1 range. Relay is 234x% ip, 
diam and fits into a standard 7-pin minia- 
ture tube socket. Contacts are SPST 





NO or NC rated at 6 amp. Relay can 
be furnished to operate on any potential 
up to 125 volts a-c and d-c; operating 
power is 4 watts. Compensated for varia- 
tions in ambient temperatures from — 70 
to 70 C; special relays are available for 
temperatures up to 125 C. Weight is 1.5 
oz. G-V Controls Inc., 28 Hollywood 
Plaza, East Orange, N. J. 

ee No. 33, Reader Inquiry Facility, page 189 


SUBMINIATURE RECTIFIER 


Line of Microstak selenium rectifiers 
rated at 300 microamp have an outside 
diameter of less than °40 in. for either 
an insulated or a hermetically sealed as- 
sembly. Length varies with voltage re- 
quirements. Rectifier plates are only \4e¢ 
in. diam and are available for such ap- 
plications as direct mounting into base of 





a printed circuit, or other usages where 
an enclosed unit is not required. Other 
units with ferrule or pigtail leads and 
current ratings up to 25 ma are also 
available. Voltage ratings up to 25,000 
volts are standard. Hardy Instrument Co., 
104-18 Metropolitan Ave., Forest Hills, 
N. Y. 

See No. 34, Reader Inquiry Facility, page 189 


SEALED BALL BEARINGS 


Capillary seal used in R. F. series ball 
bearings eliminates mechanical contact 
between stationary and rotating members. 
Capillary chamber is formed by a cylin- 
drical extruded section of inner cover 
and tapered section of inner race. Bear- 
ings are made in high precision quality 
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Specify 
AKEPEACE’™ 


With nearly sixty years experience in the pro- 







duction of both laminated and solid precious 
metals, MAKEPEACE is today an accepted “head- 
quarters” for the many special precious metal 
products and assemblies called for in the electronic | 


field. 









Silver or gold, or platinum, or palladium, or 
their alloys, are bonded to the required base metal, 
such as copper or bronze alloys, to produce the 
required operating characteristics at real savings 
in cost over solid precious metals. 

Today, rings are used in special electric motors, 
calculators and computators, radar, fire control 
instruments, potentiometers and many other elec- 
tro-mechanical devices. 

Laminated tubing is increasingly called for in 
the new higher frequency R. F. plumbing . . . for 
wave guides... and for coaxial line segments. 

MAKEPEACE maintains a fully equipped re- 
search and testing laboratory .. . as well as a staff 
of thoroughly experienced metallurgists, chemists 
and consultants . . . all at your service. 


Your inquiries are cordially invited and will 
receive our prompt and interested attention. 


D. E. MAKEPEACE COMPANY 
Laminated and Solid Precious Metals for Industrial Use * Fabricated 
Parts and Assemblies + Bar Contact Material * Precious Metal Solders een 
MAIN OFFICE AND PLANT, ATTLEBORO, MASSACHUSETTS 
: NEW YORK OFFICE, 30 CHURCH STREET 
CHICAGO OFFICE, 55 EAST WASHINGTON STREET 
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Sier-Bath Gear Coupling 
Ready for Assembly 


a 
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ASSEMBLED 


New, Simplified Merri 


Flexible GEAR COUPLING 











yu can cut a big slice out of your as- 
sembly costs with this revolutionary 
new gear coupling. It has only seven 
parts—has no bolts, nuts or need for 
special tools. It’s easy to line up—takes 
only seconds to assemble (see photos). 


3/5 USUAL SIZE, 1/2 USUAL WEIGHT 


It’ll save you space and weight, too— 
make possible more compact, lighter 
designs. Only *¢ the size, 14 the weight 
of conventional types, its load capacity 
is higher through all sizes. 


BETTER PROTECTION 
FOR EQUIPMENT, PERSONNEL 


Your customers will also profit by a 
switch to Sier-Bath. They’ll get big 
savings in maintenance PLUS better 
protection for equipment and person- 
nel. Sier-Bath Couplings put less strain 
on coupled equipment because they’re 
lighter, and are safer for both men and 
machines because they have no bolts to 
shear, and no heavy flanges. 


SILENT OPERATION, LONG LIFE 


Though these new couplings can be 
taken apart with just a screw driver 
(used to remove the snap ring), they’ll 
withstand 50,000 pounds of end thrust. 
In addition, their hubs and sleeves have 
a tensil strength of 90,000 lbs., and 
their neoprene seals are guaranteed 
leak-proof. For high flexibility and 
silent operation, their internal teeth are 
evenly spaced and precision cut. For 
greatest durability, al/ the load is car- 
ried on al/ the teeth a// the time. Under 
normal conditions, they will outlast the 
equipment they connect. 


WRITE FOR BULLETIN! 


®@ gives installation photos, complete list of cost-cutting advan- 
tages, detailed plan drawings and specifications for standard, 
vertical, mill motor, spacer and floating shaft types—sizes from 
Ye to 6, HP 4 to 550. (Special sizes and types on request). 


Sier-Bath GEAR and PUMP CO., Inc. 


Founded 1905 9244 HUDSON BLVD., NORTH BERGEN, N. J. 
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Member A.G.M.A. 


IN SECONDS! 








and are available in bore sizes from 
0.1181 to 0.3150 in. with corresponding 
outside diameters of 0.3934 to 0.8661 in. 
External surfaces of bearing can be 
chrome plated. Landis & Gyr, Inc., 104 
Fifth Ave., New York 11. 


See No. 35, Reader Inquiry Facility, page 189 


ONE-PIECE TUBE CAP 


For miniature electron tubes, high- 
voltage low-loss 9OISTL tube cap has 
polyethylene insulation molded-on. Long 
insulation skirt prevents danger of flash- 
over from grid cap to chassis when 
operating at high voltages. Molding as 





one unit, is said to provide strain relief 
of leads against vibration or twisting. 
For high temperature applications, unit 
is available with Kel-F insulation. Alden 
Products Co., 117 N. Main St., Brockton 
64, Mass. 

See No. 36, Reader Inquiry Facility, page 189 


WIRE-WOUND POTENTIOMETER 


Two-watt wire-wound control is avail- 
able in various resistance values from % 
to 150,000 ohms. Standard tolerance is 
+10 per cent but potentiometers with 





special tolerances can be furnished. 
Linear taper is standard. P. R. Mallory 
& Co., Inc., 3029 E. Washington St., 
Indianapolis 6, Ind. 


See No. 37, Reader Inquiry Facility, page 189 


PAPER CAPACITORS 


Miniature type 85LPT tubular paper 
capacitors, suitable for 85 C operation, 
are enclosed in  phenolic-impregnated 





tubes with plastics end fill. Units will 
withstand 2% times rated voltage for 5 
sec and satisfactorily pass standard RMA 
humidity test. Life is 250 hr at 85 C. 
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A new member of the 


ELECTRO -TECHNICAL 
ELECTRO QUIN-GLAS 


a reinforced combination of treated glass cloth and 
Johns-Manville Quinorgo 3000 


ELECTRO QUIN-GLAS 


provides maximum physical and electrical properties 
plus good heat resistance and toughness 
Easy to handle — Resists abrasion 


ELECTRO QUIN-GLAS 


is suitable as layer insulation for use on electrical 
equipment operating at temperatures up to 130° c 
oo 

Now available in rolls, sheet or tape form 

Finished Thickness Type 1—.0095 Type 2—.012 
..- ELECTRO QUIN-GLAS and other electrical in- 
sulating products are available for prompt delivery 
from Electro-Technical Authorized Distributors’ 
stock or from our own plant. 

For more complete data on Electro QUIN-GLAS 
or samples of QUIN-GLAS and other Electro prod- 
ucts contact Dept. El. 


ELECTRO-TECHNICAL PRODUCTS 


DIVISION OF SUN CHEMICAL CORPORATION 
NUTLEY 10, NEW JERSEY 


APRIL 1951 








FAMILY 


You may buy 
with confidence 


when you buy 
ELECTRO 


x 


TECHNICAL 
PRODUCTS 


DUPLEX-CAMBRIC 
SLOT INSULATION 


EXTRA FLEXIBLE OW 
VARNISHED FIBERGLAS 


FLEXIBLE VARNISHED 
CAMBRIC AND TAPE 


EXTRA-STRETCH 
VARNISHED TAPE 


DUPLEX-GLASS 
SLOT INSULATION 


TREATED ASBESTOS 
CLOTH AND PAPER 


VARNISHED 
CONDENSER PAPER 


CABLE WRAPPING TAPES 
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HOOVER HONED RACEWAY* 













POLISHED 
Polished Raceway surface 
magnified 100 times as 
used in other ball 
bearings. 


* noover HONED 
Roceway surface magnified 
100 times, as used exclu- 
sively in Hoover Ball 
Bearings. 


it’s the 
raceway 
that 
makes the 
difference 


yaa 
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HOOVER 
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BEARING 


eee 


90% longer life 
30% greater load 
Amazing Quietness 


The Aristocrat 
hae a 43 


Ratings available from 0.001 to 0.5 nif 
at 200 and 400 volts d-c working and 
0.0001 to 0.25 mf at 600 volts d-c work- 
ing. Dimensions of 400-volt 0.1-mf 
capacitor are 1%x 159 in. diam. Pyra- 
mid Electric Co., 1445 Hudson Blvd., 
North Bergen, N. J. 


See No. 38, Reader Inquiry Facility, page 189 


MOTOR STARTING TRANSFORMER 


Line of motor starting autotransformers 
are wound in 3-phase open delta with 
taps at 50, 60, 80 and 100 per cent of line 
voltage. Built to conform to NEMA 
standards for medium duty. Standard 
types are available in ratings from 5 to 
200 hp for both 220 and 440 volts, 50/60 
cycles; special models for 2-phase, other 
voltages and other frequencies. All coils 





are wound with double-insulated cotton- 
covered wire with an outside wrap of 
heavy cotton tape; impregnated and 
baked for moisture and corrosion re- 
sistance. Silicon steel cores are clamped 
by heavy steel straps and machine bolts. 
Supplied with 2-ft leads. Dimensions for 
5-hp model are 6x7%x8 in.  Etraco 
Manufacturing Co., Inc., Woods Church 
Rd., Flemington, N. J. 

See No. 39, Reader Inquiry Facility, page 189 


TILTING MOTOR BASE 


Lightweight tilting motor base for fhp 
motors has slots to accommodate different 
sizes and types of motor mountings. 
Can be used with variable-pitch pulleys, 
as a belt tightener and for belt changing 





F 


on cone-step pulleys. Angle of inclina- 
tion is adjusted by a handle. Base of 
unit is 5%x7 in. and weighs 10 lb. 
The Lovejoy Flexible Coupling Co., 5009 
W. Lake St., Chicago 44. 

See No. 40, Reader Inquiry Facility, page 189 


SILICONE-BASE FINISH 
Heat-resistant —silicone-base _ finish, 
Sicon, is said to be stable at temperatures 
up to 1000 F. Finish is for metal sur- 
faces and can be applied by brush, dip 
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Wherever SELENIUM RECTIFIERS 
can be used... be sure to specify 


gi 





—to meet requirements of 
military end-use equipment 


Requirements for military end-use equipment are 
rigid and exacting. To meet them fully and efficiently 
you need the quality that is backed by America’s 
oldest and lJargest manufacturer of Selenium Recti- 
fiers...the “know-how” that has pioneered every major 
advancement in their design and construction since 
they were first produced in the U.S. by Federal, in 
1938. 

Federal’s unmatched experience in building Sele- 
nium Rectifiers to meet an almost unlimited range of 
specifications is more valuable now than it was in 
World War II, when tremendous quantities were pro- 
duced to power equipment used by the nation’s fight- 
ing forces. 

This same experience is yours for the asking... 
ready to assist you in determining or developing the 
Selenium Rectifier that will do the job demanded by 
government specifications. 


2 Important Examples of Engineering 
to Meet Government Specifications 


FTR 3146-BS 
AIRCRAFT 
POWER SUPPLY 





FTR 3141-CS-03 
CLIP-IN 
VOLTAGE REGULATOR 
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—to save component items 
and critical materials 


Today in many industries, commercial production is 
finding ‘Federal Selenium Rectifiers of enormous 
value in keeping assembly lines on the move...through 
the replacing or supplanting of component items... 
through the saving of critical materials. 

These versatile power conversion units are rapidly 
taking the place of rectifier tubes...television and 
radio transformers...rotating machinery for supply- 
ing DC for electroplating, battery charging, welding 
and numerous other applications ... larger and more 
complicated equipment used in magnetic amplifiers. 

When you specify Federal Selenium Rectifiers to 
save space and weight...to obtain increased efficiency, 
dependability and economy... you can be sure of the 
best obtainable. And you can be sure that Federal 
engineers will give you the full benefit of their more 
than a decade of experience in Selenium Rectifier 
design. 


“Federal’’—First Name in Rectifiers 
for the ‘Front Line of Design” 


Millions of Federal Selenium Rectifiers are now suc- 
cessfully performing hundreds of power conversion 
jobs in vital applications... from aircraft to subma- 
rines...in both industrial and commercial products... 
in sizes ranging from subminiature special equipment 
to heavy duty power supplies. 

Whatever your AC to DC power conversion re- 
quirements, get in touch with a Federal engineer to- 
day. He has complete information on the Selenium 
Rectifier that you need. Write to Dept. F-316. 


SELENIUM and INTELIN DIVISION, 100 Kingsland Road, Clifton, New Jersey 


In Canada: Federal Electric Manufacturing Company, Ltd., Montreal, P. Q. 
Export Distributors: International Standard Electric Corp., 67 Broad $t., N.Y. 
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The monstrous Joy Continuous Coal Miner 
“snakes” through the earth gathering 2 
tons of coal per minute. This production 
miracle is dependent on highest quality 
components. Not the least of these is the 
rugged 214 Ib. solenoid coil, shown be- 
low, which actuates the controls and is 
made from non-corrosive and inert mate- 
rials to withstand the extreme voltage dif- 
ferentials, moisture, dampness, and acid- 
ity encountered in operation. 


When you need electrical coils, 
why not take advantage of 34 
years of experience, engineering 
competence, and modern produc- 
tion facilities. Coto coils are built 
for you, to your specifications. 


COTO-COIL CO.n <> 


COIL SPECIALISTS SINCE 1917 
65 PAVILION AVE 
PROVIDENCE 5, RI 
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or spray on a chemically clean surface. 
Recommended dry film thickness is 0.001 
in. min. Colors available are aluminum, 
black, ivory and biege. Midland Indus- 
trial Finishes Co., E. Water St., Wau- 
kegan, Il. 

No. 41, Reader Inquiry Facility, page 


LEVER SWITCH 

Type K dead-front switches for mount- 
ing on steel panels have contact arrange- 
ments from SPST to DPDT; single-pole 
switches are rated at 60 amp 125 volts 
a-c or d-c and double-pole types at 60 
amp 250 volts a-c or d-c. Switch frame 
is heavy gage steel and insulating parts 
are laminated phenolic. Molded plastics 





handles are available in many colors. 
Mounting is by 2 bolts; rabber mounting 
washers furnished for use where quiet 
operation is desired. Normal temperature 
rise will not exceed 30 C. Dimensions 
for DPDT switch are 4% x 6 x 2% not in- 
cluding 3-in. operating lever. The Barke- 
lew Electric Manufacturing Co., Middle- 
town, Ohio. 

ee No. 42, Reader Inquiry Facility, page 189 


TORODIAL COILS 


Uniformly wound torodial coils fully 
insulated from core can be wound on 
cores with internal diameters as small as 
% in. Coils are wound only to specifica- 
tions. Outside diam can be almost any 





value but wall thickness cannot exceed 
2 in. Wire sizes used range from No. 
18 to 39. Torodial Coil Div., Universal 
Manufacturing Co., Inc., 410 Hillside 
Ave., Hillside, N. J. 

See No. 43, Reader Inquiry Facility, page 189 


ACCELEROMETERS 


Self-generating Model A403 acceler- 
ometer using piezoelectric ceramics is de- 
signed for use in measurement of high 
frequency shock and vibration. Pickup 
has a resonance of about 8000 cps and 
with low-pass measuring system, it will 
faithfully produce signals up to 4000 cps. 
Output is about 10 mv per g; linear with 
acceleration between rated values from 





BENDIX RADIO DIVISION 


AVIATION CORPORATION 


ELECTRONICS ENGINEERS—At all 


salary and experience levels. 


RESEARCH ON: Antennae, Servo- 
mechanisms, Microwave ccts. and 
other phases of communications 


and navigation equipment. 


PRODUCTION DESIGN OF: Military 
and commerical communications 


and navigation equipment. 


FIELD ENGINEERS — Supervise 
installation and maintenance of 
radio and radar equipment. Factory 
training will be given. Base salaries 
from $4200 to $6900 per year. 
25% bonus for time spent overseas. 
Traveling and living expenses paid 


by Bendix. Insurance plan. 


TEST AND INSPECTION ENGINEERS 
—Practical knowledge of radio, 
radar, or TV manufacturing pro- 
cesses. Good knowledge of radio 


fundamentals essential. Base sal- 


aries from $3900 to $5880. 


TECHNICAL WRITERS — Knowledge 
of radar fundamentals or radio re- 
quired. Work closely with engineers 
to gather material for instruction 


and maintenance manuals. Base 


salaries from $3400 to $4300. 


LABORATORY TECHNICIANS — Re- 
quire knowledge of radio funda- 
mentals and skill in use of measur- 
ing instruments and_ laboratory 
equipment. Previous industrial ex- 
perience essential. Salaries from 
$262 to $321 per month. 


BASE SALARIES FOR ALL POSI- 
TIONS LISTED ABOVE ARE SUPPLE- 
MENTED BY UP TO 30% FOR 
REGULARLY SCHEDULED 48 HOUR 
WEEK. 


Housing is no problem in Baltimore. 


Excellent group insurance and 
family hospitalization plan. 


Attractive retirement plan for pro- 
fessional personnel. 


Write for application: 


Engineering Personnel Supervisor 
BENDIX RADIO DIVISION of 
Bendix Aviation Corporation 

Baltimore 4, Maryland 
TOwson 2200 
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How to hold down a job— 


in a mile deep hole 


When the well drillers have ‘“‘made the hole” and an oil 
well is about to come in, a new job arises. And it’s a real 
trick to handle, especially since there’s a joker in it. 

The job is to pump wet concrete into the hole to seal 
the sides. The joker appears because the shoe through 
which the concrete is pumped . . . the shoe that prevents 
the wet mix from backing up in the hole to seal it off... 
cannot be withdrawn after the mix has set. 

The valve ball and thrust plate of the shoe, illustrated 
above, must be made from a hard, dense, tough material. 
They must resist the abrasive action of wet cement under 
considerable pressure. The ball must be dimensionally 
stable. Both parts must be moisture resistant. What’s 


more, after the job is complete it must be easy to drill-out 


the working parts of the shoe to form a passageway. 

This is a rare set of requirements. The makers of the 
Turbo Jet Float Shoe found in Synthane the material 
to meet them. 

The Turbo Jet Float Shoe takes advantage of several 
Synthane properties. Other mechanical properties plus 
good electrical and chemical characteristics form an 
unusual combination which makes Synthane valuable 
for a wide range of applications. Synthane may be 
of help to you. To find out, send for the complete 
Synthane catalog. Address Synthane Corporation, 
25 River Road, Oaks, Pa. 


PLASTICS WHERE PLASTICS BELONG ty YNIHANE 
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good for the | °~ 
Jor 


life of the 


assembly 


After years of hard use, when access 
plates and doors are twisted and bent, 
SOUTHCO Fasteners perform with 
ease and efficiency. The ‘‘floating”’ 
screw assembly permits flexibility in 
alignment. The rugged, especially heat- 
treated components act like new after 
hard, continuous use. 

With SOUTHCO Fasteners your ini- 
tial cost is your final cost. Replace- 
ments, for reasons short of excessive 
abuse, are eliminated. 

You have a choice of three head 
styles: slotted, wing or knurled. Each 
size has a wide grip range. 

For complete information write to 
SOUTHCO Div., South Chester Corpo- 
ration, 1409 Finance Bldg., Philadel- 
phia 2, Pa. 


Specify - 


FASTENERS 


OFFICES IN 
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Simplify stock requirements: 


PRINCIPAL 


no time lost hunting 
the correct size 
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Never foo tight, 
never foo loose 


“Floating” construc- 
tion overcomes mis- 
alignment 
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No special skill or 
fools required 





















Crrtigs 


0.1 to 600 g. Capacitance is 1500 mmt 
and temperature range is from —60 to 
90 C. Maximum directivity is perpen- 





dicular to mount. Unit is % x 1% in, 
diam, weighs 1 oz and has 3 2-56 tapped 
holes for flange mounting. Gulton Manu- 
facturing Corp., Metuchen, N. J. 

ee No. 44, Reader Inquiry Facility, page 189 


FOOT SWITCH 


Compact foot switch is housed in a 
formed-steel casing 3% x 258x1 in. and 
has a heavy rubber non-skid actuating 
tread; black crackle finish. Two’ models 
are available. Model T-51-S has a SPDT 
NO or NC momentary contact switch 
rated at 5 amp 110 or 250 volts. Model 
T-52-S provides two switching operations 





actuated by one treadle. Partial down- 
ward stroke actuates one contact and 
additional pressure actuates a second 
contact. Both switches in latter model 
are SPDT NO or NC rated at 5 amp, 
110 or 250 volts. Simonds Machine Co., 
Inc., Southbridge, Mass. 

See No. 45, Reaaer Inquiry Facility, page 189 


INSULATING BUSHING 


Male threaded insulating bushing has 
molded-in ribs around outside periphery 





to facilitate installation; rounded edges 
prevent chafing of wire insulation. May 
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This Morrison machine, built with G-E Calrod car- 
tridge heaters, accurately shrinks the fabric in warp 
and weft. Temperatures, controlled by thermostats, 
are varied according to the fabric being shrunk. 








LIKE THE MORRISON MACHINE CO., designers and 


builders of textile machinery, you may find that the 
simplest, easiest, and most reliable way to build heat 
into your product is with G-E Calrod heaters—tubular, 
cartridge, strip or fin. 

The Morrison Co., faced with the problem of build- 
ing intense, controllable heat into machines for shrink- 
ing textiles as they roll at high speed off the looms, 
picked G-E Calrod heaters. Here’s why— 

1. Use of G-E Calrod heaters cut machine manufactur- 
ing costs—-workmen need only insert the heaters in 
the heating shoes and connect the leads. 

2. Use of G-E Calrod heaters increases customer accept- 
ance and satisfaction because the heaters are reliable 
and easy to operate. 

The trademark, ‘‘Calrod,’’ famous for 24 years, is a 
guarantee to customers that these heaters are designed 
to stand up under ‘round-the-clock schedules. Custom- 
ers can get maximum use of machinery and maximum 
output. 

The heaters are easily controlled by thermostats, 
which can be set for the desired temperature up to 750 F. 


* Registered Trademark of General Electric Co. 
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CALROD HEATERS 


“Simplest, easiest, and most reliable way 


Sk ecTRIC 








to build heat into your product,” 


says Morrison Machine Co. 









Only a few minutes are required to insert the 
cartridge heaters into the heating shoes, connect 
the leads, and fit the shoes over the blanketed 
cylinders of the shrinking machine. 





Before You Design your equipment for repetitive 
manufacture, get together with the G-E heating spe- 
cialist in your nearest G-E office. He'll be glad to help 
solve your heating problems by selecting from our 
stock of heaters available in a wide range of standard 
sizes, ratings, and sheath materials. 


NEW, FREE CATALOG 


Write us on your letterhead for Bulletin GEC-1005A. 
And, if you'll also tell us about your heating problems, 
we'll send you application bulletins to help you select 
and correctly apply the right heaters to give you heat 
where you want it... when you want it...and in the 
amount you want it. Section 720-29, Apparatus Dept., 
General Electric Co., Schenectady 5, N. Y. 


NEW SELLING AID 


These labels, with a gummed 
back to enable you to place 
them on your machinery, 
are now available. 
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Relays for Jet-Propelled Jobs! 
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Miniaturdliftpot 


AIRCRAFT OR GUIDED MISSILE 


These miniature d-c relays—only 11/4’’ D x 19/39"" H 
(excluding terminals and mounting studs)—insure 
faithful performance when subjected to extremely severe 
operating conditions such as encountered in missiles and 
aircraft. 


Specifically designed to meet the requirements of USAF 
specification MIL-R-5757, they are supplied for use in 
200°C. (type A) and 85°C. (type B) ambient temperatures. 

Available in contact combinations of 2, 3, 4 and 6 
poles and rated 2 amperes, 26.5 volts D.C. and 115 volts, 
400 cycles A.C. 


Write for Data Bulletin 2420 for detailed information. 


STRUTHERS-DUNN 


\ * 3 






STRUTHERS-DUNN, INC., 150 N. 13th ST., PHILADELPHIA 7, PA. 


BALTIMORE @e BOSTON e BUFFALO e CHARLOTTE e CHICAGO e CINCINNATI 
CLEVELAND e DALLAS @e DETROIT @e KANSAS CITY @e LOS ANGELES 
MINNEAPOLIS e MONTREAL @e NEW ORLEANS @ NEW YORK e@ PITTSBURGH 
FRANCISCO e SEATTLE @ SYRACUSE @ TORONTO 


be used with a locknut or manufacturer’s 
type A bushing. O. Z. Electrical Manu- 
facturing Co., 262 Bond St., Brooklyn, 
ee 


See No. 46, Reader Inquiry Facility, page 189 


SHAFT COUPLING 


Angular and offset shaft misalignments 
up to 7 deg can be accommodated with 
Ajax Dihedral coupling; special models 
available for misalignments up to 12 deg. 
Involute splines on part of coupling as- 





sembled to shaft have a dihedral shape 
which under misalignment provides more 
tooth contact than straight teeth.* Ratings 
for line of couplings range from 12 to 
350 hp at 100 rpm respectively. Bores 
from 158 to 5 in. Ajax Flexible Coupling 
Co., Westfield, N. Y. 

ee No. 47, Reader Inquiry Facility, page 189 


UNIVERSAL JOINTS 


Single and double “Lo Friction” uni- 
versal joints are available in sizes from 
1% in. OD or larger with solid or bored 
hubs and round, keyed or splined shafts. 


| Center block in joint has two grooves 





i 


on each of the four bearing surfaces 
which reduce size of frictional areas and 
transmit lubrication. Static torque 
ratings range from 5200 Ib-in. up. 
Curtis Universal Joint Co., Inc., Spring- 
field 7, Mass. 

See No. 48, Reader Inquiry Facility, page 189 


SOLENOID VALVES 


High-pressure two-way solenoid valves 
use poppet construction which locks fluid 
in one direction and permits free flow in 
opposite direction. Working pressures 
range as high as 3000 psi. Impregnated 
coils are oil and moisture resistant. Valve 
in Model 471-3 is NC; port size is % 
in. NPT; coils for operation on 110, 220 
or 440 volts a-c continuous duty. Model 
316-3 is similar but with coils for 6 to 
36 volts d-c. Other models with NO 
valve are also available. Dimensions for 
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This Book Will 
Help in Your 
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is" @ Do you need volume production of small and medium aluminum stampings for i! 
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Fare” defense orders? ‘‘Present and Future’’ reviews completely our facilities and experi- 
j ence as prime and subcontractors in similar production during the last war. It will 
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If your designs call for metal plus 
the chemical resistance, toughness, 
electrical insulation, or smooth 
“feel” of hard rubber, use these 


HARD RUBBER AND METAL 


1) Molded Inserts: Follow standard molding design practice. Magneto | 
part above is good example. Seventeen inserts are molded into high 
dielectric Magnon Super Ace compound (dielectric strength 600 v/mil 
at 60 cycles). This Ace grade gives durable strength up to 300°F. 


&: Shrink Fits: Screwdriver is insulated by slipping hard rubber tube 


. softened in hot water over shank, then slipping heat-softened hard 
rubber handle over both shank and tube. Rubber cools, shrinks, gives 
positive-grip, insulated tool as no other material can do. An idea for you? 


& Vulcanized Cement Bond: Two-layer process: Hard rubber outer layer 
for best resistance to chemicals and aging; live, soft-rubber inner layer 
provides resilience. These Ace linings also can be all-hard or all-soft 


rubber, natural or synthetic. 


Ask for ACE Handbook, a gold 
mine of helpful information 
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HARD RUBBER and PLASTICS 
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Model 471-3 are 3%¢6x2%x4 in; for 
Model 316-3, 6% x 11346 x 3% in. Water- 
man Engineering Co., 721 Custer Ave., 
Evanston, Il. 

ee No. 49, Reader Inquiry Facility, page 189 





Laboratory and 
Engineering 
Equipment 





FIVE-INCH OSCILLOGRAPH 


Model 640 oscillograph is designed for 
general-purpose industrial and TV appli- 
cations for observation of transient or 
regular recurring phenomena. Vertical 
amplifier characteristics: sensitivity, ad- 
justable to either 10 or 25 mv per in; 
frequency response, 0 to 1 me (3 db 
point) with high sensitivity and 0 to 4.5 
me with low sensitivity; maximum input 
potential, 1000 volts peak; input impe- 
dance, 2 megohms and 50 mmf.  Hori- 
zontal amplifier characteristics: deflection 


4 
edb of 


taal wu 





factor, 20 volts rms per in. direct, and 
50 mv rms per in. for full gain setting; 
and frequency response, 0 to 200 ke (3 
db point). Recurrent and driven sweeps 
from 2 to 30,000 cps. Sweep can be 
expanded six times. Fixed TV _ fre- 
quencies of 30 and 7875 cps for ob- 
serving blanking and synchronizing wave- 
forms. Z-axis modulation is capacitively 
coupled to grid of cathode-ray tube and 
15 volts will blank trace fully at normal 
intensity. Steel case 14x 11%x19 in. 
The Hickok Electrical Instrument Co., 
10514 Dupont Ave., Cleveland 8. 

ee No. 50, Reader Inquiry Facility, page 189 


STRAIN-GAGE LOAD CELLS 


Redesigned load cells, U-1_ series, 
using SR-4 strain gages are said to have 
a greater safety factor on overloads and 





higher accuracy with off-center loads. 
Rated load capacities either tension or 
compression range from 500 to 50,000 
lb for line. Repeated overloads up to 
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“NO CARTONS?” SCREAMED THE VP 


“Look,” he growled, “I asked for 5,000 
cartons marked XY2 last Monday!” “And 
here it is Tuesday,” flared the Stock Head. 
“Even if the printer had worked all night, 
we still wouldn’t have room for them. 
Not with those 50,000 cartons marked 
AB4 still lying around—the ones you 
ordered three months ago.” 


“Well, this order has to get out tonight,” 
sputtered the VP “Have somebody with 
good handwriting mark the numbers on 


the cartons.” 
* x * 


Know how that problem could have 
been avoided? With a Markem box 
printer or carton marker. These versa- 
tile machines let electrical manufac- 
turers imprint their own cartons, 
labels, envelopes with swift, profes- 
sional neatness. They’re designed for 
flexibility —quick changes of variable 





3 TOOLS IN ONE 


1. BOX and PAN BRAKE 
2. STANDARD BRAKE 
3. BAR FOLDER 


Les. 


OPEN END FINGER 


for forming triangular, square 
and rectangular tubes. 


Versatility from the word GO!! One box or 10,000—can be eco- 
nomically produced with the new Di-Acro Box Finger Brake. 
The complete box finger bar also serves perfectly for all stand- 
ard brake operations. An Acute Angle Bar—quickly mounted— 
converts the brake to a bar folder for locks, seams, hems and 
sharp angles. The unique Di-Acro Open End Finger forms 
Square or triangular tubes and other similar parts difficult to 
make. Real machine tool construction, with hardened and pre- 
cision ground box fingers, assures permanent accuracy in pro- 
ducing duplicated parts. The Box Finger Bar can be easily 


mounted on all standard Di-Acro Brakes. 
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Four models 6” 12” 18” 24” 
Capacity—16 Gauge Steel 


Di-Acro is pronounced "'DIE-ACK-RO" 


ae a 


309 EIGHTH AVENUE, LAKE CITY, MINN. 


data, easy to operate, fast-drying inks 
in many colors. Our harassed Stock 
Head could have run off exactly the 
number of cartons the VP needed, with 
the latest designation, in a couple of 
hours if only he’d had a Markem ma- 
chine handy. Best of all, he would 
have eliminated inventories and out- 
side printing bills. 

Maybe a Markem machine is the an- 
swer to your problems. Why not write 
us today, sending samples of what you 
imprint, and find out the facts? 








Send jor 


40 PAGE CATALOG 
describing 
DI-ACRO Shears, 
Punches, Benders, 
Brakes, Notchers 


and Rod Parters,— 
Shears 


also Power 
and Benders. 
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120 per cent of rated capacity cause 
no adverse effects; overloads up to 150 
per cent cause only a slight zero shift 
but do not impair measuring qualities, 
Accuracy of load measurements is within 
+ % per cent at any load within rated 
capacity. Largest cell is 11% x 6% in, 
diam. Input may be 4 to 8 volts a-c or 
d-c. Baldwin-Lima-Hamilton Corp., Pas- 
chall P.O., Philadelphia 42. 
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OSCILLATOR 

Continuously variable Model M-2 os- 
cillator has a frequency range from 1 
to 120,000 cps covered by 5 overlapping 
bands. Circuit is a version of the bridge- 
stabilized oscillator using two separate 
amplifiers connected together by a 4- 
terminal bridge network. A Wein bridge 
is used for the variable-frequency ranges. 
Two output circuits are provided: one 
circuit delivers 0 to 20 volts rms into a 





1000-ohm load, and the other circuit has 
a constant internal impedance of 300 
ohms with terminal voltage variable from 
0 to 1.0 volts rms. Harmonic distortion 
is below 0.2 per cent in audio range and 
below 1 per cent at any other frequency 
within the range. Unit has electronically 
regulated power supply. Operates from 
115 volts 60 cycles. Dimensions of in- 
strument are 9% x 18% x 12 in. South- 
western Industrial Electronics, Inc., P. O. 
Box 13058, Houston 19, Texas. 


See No. 52, Reader Inquiry Facility, page 189 


FREQUENCY-TIME COUNTER 


Megacycle frequency-time counter, 
Model 801, can be used to measure fre- 
quency, time intervals, frequency ratios 





and, in addition, can be used as a sec- 
ondary frequency standard, a totalizing 
electronic counter and a_ tachometer. 
Frequency measurements up to 1 me 
may be made with a minimum accuracy 
of 0.001 per cent. Time intervals up to 
10 sec may be measured in increments 
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Please send me the Rome Synthinol Bulletin 101. 
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Ingersoll 78” x 72” x 20’ 4 motor driven head 
adjustable rail milling machine. Heads are 
driven by 30/45 H.P. D.C. adjustable speed 
motors. Speed can be varied through rheostat 
control when in the cut. 


Protect the Pisttiaies of aon Machine Tools 


vith Rome Synthinol 


MACHINE TOOL and CONTROL WIRE 


The performance of machine tools is no better than the wiring 
of their electrical circuits. If it breaks down under severe oper- 
ating conditions, expensive delays for repairs will result. Your 
customers will be dissatisfied, your reputation damaged. That 
is why it will pay you to specify wire of dependable quality— 
Rome Synthinol Machine Tool and Control Wire. 

Rome Synthinol thermoplastic insulation is highly resistant 
to flame, mosture, acids, oils or cutting solutions. Surface printed 
for easy identification, it is available in a wide range of per- 
manent colors and uniformly small diameters. 

Where extremely severe conditions are encountered, Rome 
Synthinol 901, a newly developed compound, offers exceptional 
resistence to high ambient temperatures .. . has excellent heat 
aging properties. It is Underwriters’ approved for operation at 
90° C. and affords improved resistance to oil and chemical sol- 
vents. It too is available in a variety of permanently clear colors, 
either plain or with outer protective covering. 

The consistent high quality and dependability of Rome 






Underwriters’ Laborato- 


Gee cegeeved — Synthinol makes it the choice of many leading machine tool 
provel for 80" C. oper. manufacturers. See for yourself why it will pay you to specify 
ation exposed to oi] and Rome Synthinol. Send for Bulletin 101 today. 


in wet ations. Con- 
forms to National Ma- 
chine Tool Builders’ As- 


sociation Standards. e IT COSTS LESS TO BUY THE BEST 


ROME CABLE CORPORATION * Dept. EM-4, Rome. N. Y. R re) inet a C ya R a s C4, 
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at no increase 
in price 


LORD 


MULTIPLANE 
MOUNTINGS 


for All-Direction 


Vibration Protection 


Lord Multiplane Mountings are now 
protected against attack from oil, gaso- 
line, cleaning solvents, ozone, and other 
enemies of rubber. 


The rubber flexing element is pro- 
tected by a thin, tough, elastic material 
which resists attack and prolongs the 
life of Multiplane Mountings under ad- 
verse conditions . . . an added value at 
no increase in price. 


This illustrates LORD policy—to 
produce the very best Quality 
BONDED-RUBBER (rubber-bonded- 
to-metal) parts possible. Through con- 
stant research new materials are investi- 
gated, new processes tested, and new 
methods developed to supply long- 
lasting vibration-control mountings for 
product improvement. 


Vibration control increases accuracy 
and improves performance of products 
. . . reduces maintenance . . . builds 
sales. Investigate Lord Vibration- 
Control Mountings and Bonded-Rubber 
Parts. Write to attention of Product and 
Sales Engineering Department. 


LORD MANUFACTURING COMPANY 
ERIE, PENNSYLVANIA 


Canadian Representative: 
Railway & Power Engineering Corporation, Ltd. 


Vibration-Control Mountings 
... Bonded-Rubber Parts 














of 10 microsec from common or separate 
input lines. Instrument can be used to 
produce pulse frequencies from 10,000 
to 1 cps. Pulses or sine waves may be 
counted at rates up to 1 million per sec, 
When used as a tachometer with an ex- 
ternal electromagnetic or photoelectric- 
disk generator, shaft revolutions can be 
measured without contact and with an 
accuracy of +1 rpm. Potter Instrument 
Co., Inc., 115 Cutter Mill Rd., Great 
Neck, L. I., N. ¥ 

See No. 53, Reader Inquiry Facility, page 189 


POWER AMPLIFIER 

Type 1233-A aperiodic power amplifier 
has a wide frequency range and provides 
a maximum of 15 watts output with less 
than 0.2 volts input. In addition to use as 
a general: laboratory or testing amplifier, 
it can be used to drive supersonic gen- 
erators and as an oscilloscope deflection 
amplifier. Three output ranges are pro- 


, titi ites taba Sd b eS 





vided with overall frequency range from 
20 cycles to 3 mc. Output transformers 
furnish low-impedance output up to 1.5 
me. Noise over the range is 60 db below 
15 watts output. Distortion is less than 3 
per cent rated output. General Radio Co., 
275 Massachusetts Ave., Cambridge 39, 
Mass. ’ 

ee No. 54, Reader Inquir Facilit page 189 


RECORDING OSCILLOGRAPH 
Multi-element Type $14-C oscillograph 
can accommodate up to 6 single galvan- 
ometers or two 12-element type. Standard 





optical stage uses one lamp, two achro- 
matic condensing lenses and 6 individu- 
ally adjustable apertures. Lamp has au- 
tomatic control to adjust brilliance while 
recording. Chart drive system consists of 
a motor and a gear reducer mounted in- 
side oscillograph and a cone pulley and 
belt system on outside for changing rec- 
ord speed which ranges from 40 to 0.1 
in. per sec. Unit has 100-ft continuous 
drive record magazine for 6-in. sensitized 
paper or film chart. Magazine can be 
loaded or unloaded in daylight. Footage 
indicator shows amount of unused chart. 
Mounted in walnut case, 23 x 138% x 18 
in. overall. Operates on 115 volt, 60 
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Control Circuit Transformer 


Hevi Duty Control Circuit Transformers are designed 

specifically for control circuits where high inrush cur- 

rents occur. When quality and consistent dependable 
performance are important, Hevi Duty Transformers are 
specified. Sizes 250 VA and larger are available. 
Write for complete information. 


HEVI DUTY ELECTRIC COMPANY 
HEAT TREATING FURNACES HEVI=ZBUT-Y ELECTRIC EXCLUSIVELY 


DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 











cycle. Hathaway Instrument Co., 1315 S. 
Clarkson St., Denver 10, Colo. 
ee No. 55, Reader Inquiry Facility, page 139 


DYNAMOMETER 


Portable Magnetorque dynamometer 
uses a magnetic-particle coupling to 
measure torques from % to 10 hp. Bi- 
directional speed range is from 0 to 6000 
rpm max and instrument is calibrated 
from 1500 to 6000 rpm. Dissipation is 4 
hp at 3600 rpm continuous and 10 hp 
max at 4800 rpm if duty cycle does not 





cause operating temperature to exceed 
220 C. Accuracy is 5 per cent of full load. 
Characteristics: moment of inertia is 
0.132 lb-ft per sec?; static friction, 
0.35 lb-ft; dynamic friction 0.13 lb-ft; 
total loading, 0.6 lb-ft due to windage 
and internal friction and is relatively con- 
stant between 1800 and 3600 rpm. Unit 
operates from a 28 volt d-c source and 
draws 2 amp max. Avion Instrument 
Corp., 121 E. 24 St., New York 10. 


ee No. 56, Reader Inquiry Facility, page 189 


ELECTRONIC VOLTMETER 


A-c electronic voltmeter, type 170, cov- 
ers a frequency range from 10 cycles to 
250 ke with an accuracy of + 2 per cent. 
Voltage ranges from 0.01 to 100 volts; 
decibel scale from 0 to 20 db. Unit 





has internal regulated power supply. 
Input impedance of % megohm; cathode- 
follower input gives an effective input 
capacitance of 6 mmf. Can also be used 
as a wide-range high-gain amplifier with 
separate volume control. The Daven 
Co., 191 Central Ave., Newark 4, N. J. 
ee No. 57, Reader Inquiry Facility, page 189 


THICKNESS GAGE 


For measuring dry thickness of noncon- 
ductive coatings and other sheet like ma- 
terials on an electrically conductive base. 
Thickness gage is self-contained requir- 
ing no outside source of power. As dial 
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CALIFORNIA—Taylor Fibre Co., La Verne 
(West Coast Plant)... ..... Lycoming 4-222] 


CONNECTICUT —Taylor Fibre Co., Tolland ' 
he oe _ Rockville 219-53 


ILLINOIS—Taylor Fibre Co., 4554 N. Ravens- 


wood Ave., Chicago 40..... Uptown 8-4733 i 
\ INDIANA—Taylor Fibre Co., 6156 Carvel li 
Ave., Indianapolis.......... Broadway 2890 | 
W herever your plant may be located, there’s a Taylor MASSACHUSETTS—Taylor Fibre Co., Rm. 


. : : ‘ 15 { 
Sales Engineer ready to serve you. Call on him when you 316 United Bidg., 43 Leon St., Boston 
, 8 y y YOU haa Gras i ee Highland 2-8170 


want the dest in Vulcanized Fibre, Phenol Fibre, Special 
MICHIGAN—Taylor Fibre Co., 801 Stephen- | 


Glass Melamine and Silicone Laminates. Ask him, too, son Bidg., 6560 Coss Ave, CONNE .. 
about the complete Taylor Fabricating Service—designed a a 
to help you save time, trouble and money on your MISSOURI—Taylor Fibre Co., 3435 Chovteayu 

Ave., St. Lovis.................Sidney 6405 j 


machining operations. 
NEW JERSEY—Taylor Fibre Co., 26 Journal 


. ; Square, Jersey City... . Journal Square 3-5440 
This new 1951 Taylor Catalog contains 


complete specifications and description NEW YORK—Tayler Fibre Ce., 214 Cutler 
Bidg., 42 East Ave., Rochester 4. . Baker 3767 


4 of Taylor Laminated Plastics. See for Tayler Fibre Co,, 26 Journal Square, Jereey 
yourself how these versatile materials City, N. J, ................... Digby 9-4367 


——— i 


can help you produce your product or OHIO—Taylor Fibre Co., Euclid 71s? Bidg., 
7016 Euclid Ave., Cleveland 3 Endicott ]-2287 
Taylor Fibre Co., 238 Lafayette St., Dayton 2 
Mea ee Michigan 3711 


EE 


part better, faster and at lower cost. 





Write today for Catalog EM4. 


en me Se 


PENNSYLVANIA—Taylor Fibre Co., Norris- 
town (Main Plant and Executive Offices)... 
+s eee ad eee Valley Forge 9-281) 
Taylor Fibre Co., 401 N. Broad St., Phila- 


TAYLOR FIBRE CO. deiphle 6.5 OR Walnut 2-6030 
Pa NORRISTOWN. PENNSYLVANIA SOUTH CAROLINA—Taylor Fibre Co., 1013 } 
Woodside Bidg., Greenville. Greenville 2-305] 

e 





WEST COAST FACTORY: LA VERNE, CALIF. 
WISCONSIN—Taylor Fibre Co., 2400 W. 
Clybourn St., Milwaukee 3 .. . Division 2-8100 
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Over 150 connections.... 


serving 14Q0 electronic tubes 





and Control Assemblies 


me ELLY catcutators 


to answer those $ 6 4 


The new, intredibly versatile Calculating 
Machines of 1BM reckon absolutely without 
“tolerance”, Even the slightest error in per- 
formance is simply unthinkable. Their intricate 
construction and complicated electronic controls 
pre-suppose complete uniformity with respect 
to capacitance and resistance. Their “harnesses”, 
embracing over 150 connections with co-axial 
cable throughout, have been CORNISH-engi- 
neered to satisfy the most exacting demands 
of modern electronic operation. 100% inspec- 
tion and individual harness-packaging in spe- 
cially designed containers, are but the finishing 
touches to a superb “assembly” achievement. 


A WORD TO THE WISE 
IS SUE 






\ 


questions 





| 
| 
| 


Above, the incomparable | B M 
1400-tube Calculating Punch... 
reads 100 problems (cards) per 
minute...records answers auto- 
matically . . . RIGHT. Equipped 
with CORNISH Wired Assembly 


Harnesses such as we have designed and produced for 1B M 
cannot fail to imply how competently CORNISH engineers 
might help YOU. We manufacture cables and assemblies 
to JAN specifications, and will gladly consult with interested 
production executives on problems of this nature. 


WRITE CORNISH ... TODAY 


Vired Assemblies Division 


CORNISH Naa UD 


Rutland, Vermont 
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is rotated, a contact needle is lowered 
2 mils per revolution. An indicator light 
shows when needle has penetrated film 
and thickness is read directly from dial. 
Dial is graduated from 0 to 2 mils in 0,05 
mil steps; will provide readings from (0 





to 20 mils. Accuracy is ae 3 per cent 
max, 1 per cent average. Can be used on 
curved surfaces as low as 5 in. radius 
without introducing more than 0.10 mil 
error. Henry A. Gardner Laboratory, Inc., 
4723 Elm St., Bethesda 14, Md. 

ee No. 58, Reader Inquiry Facility, page 189 


OSCILLOSCOPE CALIBRATOR 


Essentially a source of continuously 
variable monitored voltage from 0.0005 
to 100 volts rms, Model A-42F oscillo- 
scope calibrator enables measurement of 
voltages within this range on an oscillo- 





scope. Calibrated directly in peak-to-peak 
volts, db and rms volts. Housed in molded 
phenolic case with engraved and _ filled 
markings. Tensor Electric Development 
Co., Inc., 343 Classon Ave., Brooklyn 5, 
N. Y. 


See No. 59, Reader Inquiry Facility, page 189? 





Manufacturers. 
Literature 





To obtain copies of these publications 
circle item number on postcard in Reader 
Inquiry Facility, page 189. 


MOTORS, TIMERS, CLOCKS—Twenty- 
page Catalog 50 of 20 pages contains 
complete specifications and dimensions 
for line of synchronous timing motors, 
clock movements, timers and d-c motors. 
Self-starting timing motors are listed with 
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(Advertisement) 


Universal Clear Lacquer 
Simplifies Job Scheduling 


The feasibility of using the same lac- 
quer for applying clear protective coat- 
ings on a wide variety of metals has 
made possible not only the reduction of 
lacquer inventories, but also the more 
efficient scheduling of finishing jobs. This 
feature of DULAC Clear Universal Lac- 
quer #462 is particularly important to 
job finishing shops, and is also a point of 
considerable value in the finishing rooms 
of fabricating plants handling more than 
one metal. 





Parts of different metals can be sprayed at the 
same time by using DULAC #462. 


SAVES TIME IN COATING 


When DULAC #462 is used, there 
is no need of switching from one lacquer 
to another whenever a batch of a new 
metal is to be finished. Hence the prep- 
aration time in the finishing room can 
be substantially reduced, with more man- 
hours made available for actual produc- 
tion. Jobs involving different metals can 
be scheduled to follow one another with- 
out delay; in the case of very short runs, 
many different metals can even. be fin- 
ished at the same time. 


REDUCES CHANCE OF ERROR 


A further advantage of using DULAC 
#462 is that it materially cuts down the 
danger of applying the wrong clear lac- 
quer On a given metal, and thus reduces 


the risk of inspection rejects or service 
failures. 


Technical Data Bulletin #110 on 
DULAC #462 is available from the man- 
ufacturer, Maas & Waldstein Company, 
Newark 4, N. J.; Chicago, 12; Los 
Angeles, 34. 
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Hei bd we cut clear 


lacquer inventories in half” 


DULAC CLEAR UNIVERSAL LACQUER +462 
Fully protects almost any metal! 


@ There’s no need to tie up money—and storage space—by stocking a different 
clear lacquer for every metal you coat. The experience of finishing shop after 
finishing shop* has demonstrated that a single lacquer—DULAC Clear Uni- 
versal Lacquer #462-—gives equally outstanding protection on: 


STEEL BRASS BRONZE 
ALUMINUM COPPER CADMIUM 
| SILVER MAGNESIUM ZINC 


This M & W lacquer is practically 
water-white in color and forms a 
tough film that resists perspiration, 
stain spotting and corrosion—with- 


stands heat and cold, and has excel- 
lent adhesion to most metals. Applied 
by spray, dip or brush—dries out of 
dust in 5-10 minutes, hard in an hour. 

*Names on request 
For complete information, write for Technical Data Bulletin 


A 
fs #110 or let our M & W technical consultant discuss your require. 
/ 15th \ 


“ments privately with you. 
J WANIVERSARY 


MAAS &* WALDSTEIN COMPANY i... | 


; 
PACIFIC COAST DIVISION: SMITH-DAVIS CO., 10751 VENICE BOULEVARD, LOS ANGELES 34, CAL. | 


MANUFACTURERS OF INDUSTRIAL FINISHES — 


PIONEERS IN 
PROTECTION 
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Shorten the interval between 
design and assembly line with 


i Syita 
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Standardization 





Huge military and domestic needs 
place increased emphasis on design 
speed-ups and production simplifica- 
tion. 

This calls for maximum standard- 
ization. One way to achieve it, where 
power transmission problems are 
involved, is with Winsmith speed 
reducers. For, no matter how individ- 
ual the purpose, how specialized the 
function, how complex the design 
and production problems, most re- 
quirements can be served with stand- 
ardized Winsmith reducers. 


With industry's widest range of 
standard designs and sizes from 
fractional to 85 H.P., Winsmith can 
meet your normal and special de- 
mands ... can help you shorten the 
interval between machine design and 
assembly line. 


And a Winsmith power transmis- 
sion engineer in your locality is 
available for consultation. 


DESCRIPTIVE FOLDER, Save through Stand- 
ardization,” will aid in your selection. 
Write. 


WINFIELD H. SMITH 
CORPORATION 


18 EATON STREET 
SPR'NGVILLE (ERIE COUNTY), N. Y. 






50* 
p88 





standard speeds from 1 to 600 rpm for 
many voltages and frequencies; move- 
ments for clocks up to 26 in. diam; tim- 
ers with speeds from 1 revolution per 
day to 10 rpm; d-c motors from 1/2000 
hp at 5400 rpm to 1/825 hp at 12,000 
rpm. Hansen Manufacturing Co., Inc. 

ee No. 60, Reader dnquiry Facility, page 189 


LAMINATED PLASTICS—Ring-bound 
“Laminated Plastics” catalog gives com- 
plete engineering reference data on vul- 
canized fibre, phenol and special lami. 
nates along with design and machining 
hints; 62 pages. For each general type, 
catalog gives a description, table of ap- 
proximate weights and_ selector chart 
which includes information on character- 
istics, colors, sizes, finish, punching thick- 
ness, Navy specification and applications. 
Separate sheet for each laminate gives 
more specific application data and table 
of properties. Section on design includes 
hints on tolerances, choice of grade, 
punching, sawing, drilling, arc resistance, 
marking, forming, storage and_ joints. 
Fabricating-data_ section covers most 
types of forming. Taylor Fibre Co. 

ee No. 61, Reader Inquiry Facility, page 189 


BRUSHHOLDERS—Line of molded 
brushholders and caps for fhp motors 
are described in 12-page catalog No. 51. 
Brushholders are arranged in catalog by 
body diameter, which forms a basis of a 
series whose other dimensions can be 
varied by a fixed increment through a 
wide range. Body diameters range from 
74g to % in. Catalog sheets on each series 
give other standard dimensions. Different 
types of caps for brushholders are de- 
scribed and illustrated. Phoenix Electric 
Manufacturing Co. 

See No. 62, Reader Inquiry Facility, page '89 


ELECTRONIC COMPONENTS—Com- 
prehensive 212-page catalog 126 lists 
electron tubes, panel instruments, voltage 
stabilizers, transformers, resistors, capaci- 
tors, potentiometers, relays, switches, 
rectifiers, batteries, sockets, generators, 
power supplies, tools, wire and cable and 
other types of equipment. Sound equip- 
ment section features high-fidelity am- 
plifiers, tuners, speakers, pick-up arms 
and cartridges, microphones and_ other 
accessories. Also section on test instru- 
ments: signal generators, oscilloscopes, 
tube testers, voltmeters, ohmmeters, 
ammeters, frequency meters, analyzers, 
capacitor decades, and multitesters. Al- 
lied Radio Corp. 


See No. 63, Reader Inquiry Facility, page 189 


INDUSTRIAL CONTROLS — Tempera- 
ture, flow, pressure, liquid-level and hu- 
midity controls are described, completely 
specified and illustrated in 60-page cata- 
log 8304. Over 100 different models of 
nonindicating electric, electronic and 
pneumatic controllers are included. In- 
dustrial Div., |Minneapolis-Honeywell 
Regulator Co. 


ee No. 64, Reader Inquiry Facility, page 189 


O-RINGS— Installation data as well as 
listing of sizes available are given in 
catalog 9-A of 12 pages. Included is 


(Continued on page 194) 
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If whatever appears anywhere in this issue, either 
in the editorial or advertising pages, stimulates a 
desire for additional information, it is only neces- 
sary for readers to record their interests on one of 
the postcards on the following page. The publisher 
will function for readers, immediately contacting 
the sources for the data requested or forwarding 
reprints. 


Readers should feel free to make legitimate re- 
quests for any data which they believe will prove 
helpful to them, expand their knowledge or com- 
plete their files. They will be expected to limit their 
requests to those items which are germane to their 
responsibilities and the type of projects in which 
they engage. 

Requests will be processed only if the informa- 
tion requested on the postcard form is complete and 
legible. Note that the card must be posted within 
sixty days after publication; issues are mailed 
promptly on the first of each calendar month. 


If it should prove impractical to use the card, 
write the Editor on company letterhead. 





Ilectrical Vlanufacturing READER INQUIRY 


Readers use any one of the postcards on the opposite page to request anything they have read about in 
this issue. T numbered items on this page, simply circle the correspond 


° obtain 


Numbered titles below correspond to PRODUCT descriptions which appear beginning on page 146. 
1 A-C Power Relay 16 
1 


2 Servo Amplifier 


5 Thumb Fastener 20 Fan Motor 35 Sealed Ball Bearings 

6 Permanent Magnet D-C Motors 21 Bimetal Thermostat 36 One-Piece Tube Cap 

7 Extruded Plastics Tubing 22 D-C Actuator 37 Wire-Wound Potentiometer 
8 Miniature Beam-Power Tube 23 Silicone Rubber Parts 38 Paper Capacitors 


9 Plate-Circuit Relays 


Quick-Release Pins . 


7 tHP Gearmotors 
3 Borocarbon-Film Resistors 18 
4 Precision Potentiometers 19 


Stand-Off Capacitor 
Modified Phenolic Resin 


24 Governed D-C Motor 


ing number on the card. 





31 Power Shear 

32 Bellows 

33 Sealed Timing Relay 
34 Subminiature Rectifier 


39 Motor Starting Transformer 


10 Ceramic-Disk Capacitors 25 Slug-Tuned Coil Form 40 Tilting Motor Base 
11 Magnetic Amplifiers 26 Pressure Actuated Switch 41 Silicone-Base Finish 
12 400- 60-Cycle FHP Motors 27 Rotary Actuator 42 Lever Switch 

13 Vinyl-Film Tape 28 Junction Block 43 Torodial Coils 

14 Variable-Speed Transmissions 29 Plastics Bonding Agent 44 Accelerometers 

15 Sealed Miniature Capacitors 30 400-Cycle Chopper 45 Foot Switch 


Numbered titles below correspond to LITERATURE reviews which appear beginning on page 184. 


60 Motors, Timers, Clocks 70 Coil Winders 80 Cellular Rubber 

61 Laminated Plastics 71 Powdered Metal 81 Flexible Metal Hose 

62 Brushholders 72 Teflon Tape 82 Tin-Zinc Plating 

63 Electronic Components 73 Plugs, Receptacles 83 Technical Waxes 

64 Industrial Controls 74 Induction Motors 84 Impregnating Process 

75 Ground Testers 85 Metal Spinning, Fabricating 
76 Automatic Controls 86 Phosphate Coatings 

77 Roll-Formed Shapes 87 Solenoid Valve 

78 Testing Instruments 88 Vinyl Coatings 

79 Plastics Tubing 89 Acrylics 


y' 
67 Mill Motors, Controls 
68 Identification Tapes 
69 Magnet Wire 


Reprint service 


Numbered titles below correspond to feature article REPRINTS digested beginning on page 202. 


98 Reliable Electronic Devices 113 Synthetic Mica 124 Magnetic Amplifiers 

99 Fuses vs Circuit Breakers 114 Crystal Rectifiers 125 Variable-Speed Drives 

100 Contacts for Controls 116 High-Temperature Material 126 Fluorocarbon Resins 

103 Count Control Devices 117 Unitized Design Techniques 127 Speed-Torque Curves 

104 Insulating Varnish 118 Low-Loss Plastics 128 Timing, Selecting Circuits 
107 V-Belt Drives 119 Selecting Solenoids 129 Safety in Electrical Design 
108 Research in Dielectrics 121 Control Panel Design 130 Shorted-Turn Tester 

111 Parts by Powder Metallurgy 122 Motor Temperature Ratings 131 Long-Life Electronic Tubes 
112 Microwave Relays 123 Cold-Rolled Electrical Strip 133 Organic Finishes 


Advertised products 


To request further information on any of the products or services described in advertisements in this issue, 
write the page number and name of advertiser in the space provided under “Advertised Products” on the card. 





ELECTRICAL MANUFACTURING ue 














_ ZX | n Th y — “Bec Manetacroene a ee a oe 










2 1h 28 38 42 SL Gl 71 St «Of M08 M12 128 13 
2 12 22 32 42 S2 G2 72 82 92 102 112 122 1392 | SoM 
9 13 23 39 43 53 63 73 89 93 103 113 123 133 
4 0 0 0 OF OF 88 108 HNO ee 
5 15 25 35 45 55 65 75 8 95 105 115 125 135 
6 16 26 36 46 56 66 76 86 9% 106 116 126 136 
TER Cerne? ¢ ee eae :...D..”.C!.!ULULCLmL ee 
8 19 28 38 48 58 G8 78 88 98 108 118 128 138 
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47 Shaft Coupling 10 20 30 40 50 GD 70 8 90 100 110 120 130 140 





48 Universal Joints 

49 Solenoid Valves 

50 Five-Inch Oscillograph 
51 Strain-Gage Load Cells 
52 Oscillator 

53 Frequency-Time Counter 
54 Power Amplifier 


55 Recording Oscillograph 
56 Dynamometer 


: 
Nos. 
57 Electronic Voltmeter 


58 Thickness Gage ELECTRICAL MANUFACTURING This card good only until MAY 31, 1981 
59 Oscilloscope Calibrator ee SESE 
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94 Grease Fittings 

95 Small Tubing 

96 Impregnating Equipment 
97 Wire Forms 


ADVERTISED PRODUCTS 


ELECTRICAL MANUFACTURING This card good only until MAY 31, 1951 


CIRCLE ITEMS DESIRED 


134 Machine Tool Standards 
136 The Defense Agencies 
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Need data? 


Desire to bring 
file up to date? 


Stumped by a problem 
that somebody else 
may have spent hours 
in working out? 


Want to know 
what’s going on? 


Want to keep pace 
with your job? 


Turn two pages forward 
and learn how to use the 
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to Readers of Electrical Manufacturing 







this new “MUST” book 





Here’s your guide .. . a 24-page 
illustrated catalog — your 


handy, reliable reference on 
HOW TO BUY HYD ENT CONNECTORS 
HOW TO SELECT AND INSTALLATION TOOLS 


for safer, quicker, surer electrical connections . . . in industrial, 












aircraft, or manufacturing installations. * The new Hydent Catalog 
contains the complete Hydent story—a comprehensive selection 
of the leading Burndy indent-type terminals and their applications, 


/ coordinated installation tools, and a simplified method of 





ordering components for these tools. 





Get your own copy now ! 


. .. use the handy coupon below. No obligation. 




















































Burndy Engineering Co., Inc., 107 Bruckner Bivd., New York 54, New York 


Gentlemen: Please send your new Burndy Hydent Catalog Y53 to: 


ETT Oe | wn 


COMPANY 
HYDENT CONNECTORS ADDRESS 


city — a 
Also [j Have a field engineer drop in on special problem. 





( Send Burndy Hydent Sample Kit, containing typi- 
cal Burndy connectors. 
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NEW cuass x 


MOTORS PROTECTED BY 
DOW CORNING SILICONES 


... the insulation that has already saved industry millions of maintenance 
dollars plus the hourly output of hundreds of thousands of men! 


This most timely announcement caps the test program we started 
8 years ago when silicone resins were introduced by Dow Corning Cor- 
poration. First we proved by accelerated life testing that silicone 
insulated motors had a good 10 to 1 advantage in life expectancy and 
wet insulation resistance. Then we sold silicone (Class H) insulation to the 
manufacturers of electrical equipment ranging from lift truck and trac- 
tion motors to solenoid and brake coils. We also encouraged the better 
rewind shops to rebuild hard working industrial motors with Class 
H insulation. 


Now we can proudly refer American industry to this goodly list of 
electrical manufacturers, all able and willing to supply electric machines 
protected by Class H insulation made with Dow Corning Silicones. 


Take your special problems to the application engineer representing 
any of these companies or to our Product Development Engineers. 







ALLIS-CHALMERS MANUFACTURING COMPARY dhe “— CG 
e 


Continental Electric Co. Inc. me LOUIS ALLIS co. 


ELECTRO DYNAMIC The Reliance Electric & Engineering Company 


ELLIOTT COMPANY THE B-A-WESCHE ELECTRIC COMPANY 


KuRz & Root Company WESTINGHOUSE 
tame emenoware is ELECTRIC CORPORATION 


THE MASTER ELECTRIC COMPARY 


* “Class H" insulation is the kind of insulation 
that keeps motors running in spite of 
“Hell and High water." (slonguage dictionary) 


DOW CORNING SRR CORPORATION 


MIDLAND, Ga MICHIGAN 


Atlanta ¢ Chicago ¢ Cleveland ¢ Dallas ¢ Los Angeles « New York © Washington, D. C. 
in Canada: Fiberglas Canada Ltd., Toronto « In Great Britain: Midland Silicones, Ltd. 


194 

























information on: extrusion, location ot 
groove, squeeze, V and_ rectangular 
grooves and nonextrusion rings. Table 
contains classification and comparison of 
physical properties of synthetic rubbers 
from which rings are made. Typical in- 
stallations are shown. Minnesota Rub- 
ber and Gasket Co. 

See No. 65, Reader Inquiry Facility, page 189 


ALKYDS—tThree bulletins are first sec- 
tions of a handbook on alkyd molding 
compounds. Six-page bulletin A-3 con- 
tains information on molding, including 
mold design and construction, equip- 
ment, storage and handling, preforming, 
preheating and molding process. Two- 
page bulletin A-4 is a data sheet giving 
molding, electrical, physical, mechanical 
and chemical properties of type 420 
alkyd. Properties and uses of molded 
alkyd are discussed in 8-page bulletin 
A-7. Includes detailed information on 
performance of plastics under varying 
conditions; several illustrated case _his- 
tories. Plaskon Div., Libbey-Owens-Ford 
Glass Co. 


see No. 66, Reader Inquiry Facility, page 189 


MILL MOTORS AND CONTROLS— 
Series 600 mill motors and class 9500 d-c 
magnetic controllers are described in 20- 
page booklet B-4730. Design features 
and construction details are discussed 
with sections devoted to armatures, bear- 
ings, field coils, brushholders and ventila- 
tion. Last section of book lists con- 
trollers and gives a typical application 
circuit diagram. Westinghouse Electric 
Corp. 


See No. 67, Reader Inquiry Facility, page 189 


IDENTIFICATION TAPES—Four-page 
bulletin gives complete specifications for 
line of printed, pressure-sensitive tapes 
for use in identification of wires and 
parts. Included with bulletin is a sample 
roll of tape on which decimal equivalent 
tables in 1%4-in. increments have been 
printed; illustrates type of information 
and markings that can be put on tape. 
Available in different colors with one- or 
two-color printing. Topflight Tape Co. 
See No. 68, Reader Inquiry Facility, page 189 


HIGH - TEMPERATURE MAGNET 
WIRE—Ceramic-insulated copper wire, 
described in 4-page engineering bulletin 
No. 403B, can be operated at tempera- 
tures up to 200 C. Description, perform- 
ance characteristics, specifications and 
space-factor curves given. Sprague Elec- 
tric Co. 


See No. 69, Reader Inquiry Facility, page 189 


COIL WINDERS—Bulletin 84 of 4 pages 
describes and illustrates universal coil- 
winding machines which produce cross- 
wound coils for general electronics appli- 
cations. Specifications given along with 
information on standard and special 
attachments. Universal Winding Co. 

See No. 70, Reader Inquiry Facility, page 189 


POWDERED METAL—Revised 12-page 
catalog details powdered metal fabrica- 
tion possibilities for various types @ 
parts such as gears, bearings, filters, cams 
and electronic-component cores. Separ 
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UTPE. 
ANY OTHER 


in more than 30 
electrical jobs! 


PERMACEL 28, A TAN CREPE PAPER ELECTRICAL TAPE 
for dozens of holding, winding, protecting and seal- 
ing applications. Strong enough to hold heavy wires 
...withstands varnishing and-baking, high corrosive 
resistance...maximum heat stability...molds. easily 


PERMACEL 27, A TAN FLATBACK PAPER ELECTRICAL TAPE 
with extreme thinness...high tensile strength...su- 
perior holding value...excellent heat stability...max- 
imum quick-stick...excellent electrical purity. A 
“work-horse” tape for a variety of its toughest elec- 
trical manufacturing tasks. 


. 


PERMACEL 241, AN ACETATE CLOTH FILM TAPE for fine 


wire applications. Noncorrosive...excellent insula- 
tor...high dielectric, tear, and tensile strength. Punc- 
ture and abrasion resistant. Withstands varnishing 
and baking. Ideal for transformer, appliance, and 
communications equipment makers. 


...good quick-stick...high tensile strength. 


You'll find complete in- 
formation about all 
the efficient, time- 

/ saving PERMACEL 
\ Electrical Tapes— 
§ including the four 
new ones in this 
book. Write to 
Department 7A. 


INDUSTRIAL TAPES 


INDUSTRIAL TAPE CORPORATION, NEW BRUNSWICK, N. J. 


makers of @TEXCEL Cellophane Tape, and a complete line 
of pressure-sensitive tapes for industry. 
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LOVEJOY 


UNIVERSAL JOINT 


These universal joints give you the “extra” features you are look- 
ing for. For example, greater operating angle with maximum 
strength—flush rivets for close-quarter work—guaranteed con- 
centric within .0005—precision ground from high quality heat 
treated alloy steel. Available in 14 sizes: Lengths 134” to 1034”. 
Diameters 34” to 4”. For the most efficient, long life universal 
joint, be sure it is a Lovejoy. 


WRITE FOR COMPLETE INFORMATION 


LOVEJOY FLEXIBLE COUPLING CO. 


5020 W. LAKE STREET © CHICAGO 44, ILLINOIS 
Also Mfrs. Lovejoy Flexible Couplings and Lovejoy Variable Speed Transmissions. 


Here at Comar, a 
competent staff of 
engineers, plus vast, 
new production 
facilities insure more 
rapid deliveries of a 
wide variety of elec- 
trical components. 
Write today. Your in- 
quiry will receive 
prompt attention. 


ELECTRIC COMPANY 
3349 ADDISON ST., CHICAGO 18, ILLINOIS 


rate section lists standard line of gears 
and self-lubricating bearings. Property 
chart for various powdered metal com- 
positions. Powdered Metal Products Cor- 
poration of America. 

See No. 71, Reader Inquiry Facility, page 189 


TEFLON TAPE — Eight-page bulletin 
describes properties and uses of Teflon 
tape for electrical insulation. Sections 
on: thermal, mechanical and electrical 
properties; chemical and weather resist- 
ance; and use in motors, generators and 
transformers. E. I. du Pont de Nemours 
& Co., Inc. 


See No. 72, Reader Inquiry Facility, page 189 


PLUGS, RECEPTACLES—Line of Ark- 
tite circuit-breaking plugs and receptacles 
described in 16-page bulletin 2614 has 
ratings from 20 to 400 amp, 250 volts d-c 
and 600 volts a-c. Cutaway view de- 
scribes construction of units. Ratings and 
sizes are listed for each type and style. 
Crouse-Hinds Co. 


See No. 73, Reader Inquiry Facility, page 189 


INDUCTION MOTORS — Ratings and 
application data are given for line of 
three-phase _— squirrel-cage _induction 
motors in 7-page catalog Sp. 241-3050. 
Range of ratings is from % to 100 hp. 
Dripproof, splashproof, totally enclosed 
and totally enclosed fan-cooled enclo- 
sures. Brown Boveri Corp. 

See No. 74, Reader Inquiry Facility, page 189 


GROUND TESTERS — Instruments for 
measuring resistance of earth-to-ground 
connections and for measuring earth re- 
sistivity are described in 20-page bulletin 
25. Instruments used in electrical and 
electronic grounding problems, elec- 
trolysis and cathodic protection. James 


G. Biddle Co. 
See No. 75, Reader Inquiry Facility, page 189 


AUTOMATIC CONTROLS — Bulletin 
1508-T of 28 pages contains data and 
specifications for line of automatic con- 
trols for heating equipment. Included 
are thermostats, timing devices, relays, 
magnetic starters and contactors, motors, 
pressure controls and solenoid valves. 
Penn Electric Switch Co. 

See No. 76, Reader Inquiry Facility, page 189 


ROLL-FORMED SHAPES—Eight-page 
illustrated catalog discusses facilities for 
engineering and producing roll-formed 
shapes from stainless or carbon steels, 
zinc, brass, copper and aluminum. Roll 
Formed Products Co. 

See No. 77, Reader Inquiry Facility, page 189 


TESTING INSTRUMENTS — Descrip- 
tions of 75 testing instruments are in- 
cluded in 32-page catalog; for such 
measurements as viscosity, film thickness, 
abrasion, hardness, adhesion, glass, re- 
flection and color. Also included are 
constant-temperature baths and _ other 
miscellaneous testing devices. Henry A. 
Gardner Laboratory. 

See No. 78, Reader Inquiry Facility, page 189 


PLASTICS TUBING—Sample card con- 
tains pieces of various grades of ex- 
truded vinyl tubing for use as electrical 
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CLEVELITE* 
COSMALITE* 


LAMINATED PHENOLIC TUBING THAT 





“i 7 “MEETS THE MOST EXACTING REQUIREMENTS ! 


DEPENDABLE DELIVERIES 





Cleveland Container can relieve your pro- 
curement problems on phenolic tubing by 
assuring prompt deliveries. In fact, orders 
can be filled immediately on any number of 
the more popular sizes. 


Clevelite and Cosmalite have high dielectric 


strength . . . low moisture absorption . . . 
low loss . . . strength and good machine- 
ability. 


They are available in diameters, wall thick- 
nesses and lengths to meet special or new 
adaptations, with a grade for every need. 
Ask for samples. 


Why Pay More? — “CALL CLEVELAND" 









* Trade Marks 


7 eCLEVELAND CONTAINER G) 


6201 BARBERTON AVE. CLEVELAND 2, OHIO 
PLANTS AND SALES OFFICES at Plymouth, Wise., Chicago, Detroit, Ogdensburg, N.Y., Jomesburg, N. J. 
ABRASIVE DIVISION at Clevelanci, Ohio 
CANADIAN PLANT: The Cleveland Container, Canada, Ltd., Prescott, Ontario 





REPRESENTATIVES 
NEW YORK AREA RT. MURRAY. 604 CENTRAL AVE.. EAST ORANGE. N. J 
NEW ENGLAND. S. PETTIGREW & CO.. 10 N. MAIN ST.. WEST HARTFORD. CONN. [/ 
CHICAGO AREA PLASTIC TUBING SALES. 5215 N. RAVENSWOOD AVE. CHICAGO 
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INDUSTRIAL FOREST 


MOSINEE PAPER MILLS CO. 
MOSINEE, WIS. 


FORESTRY PRACTICES ENCORSED BY 
WISCONSIN CONSERVATION DEPT. 
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Many Industrial Products Start Here 











Seay 
“=” MOSINEE 


makes fibres work for industry 
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Mosinee “fibres that work for industry” 
depend upon a reforestation program 
which not only assures trees for the future 
but protects our forests today. Mosinee 
Industrial Forests, augmented by aid in 
planting waste land, make raw material 
supply secure and ever-growing. From 
seedlings to technically controlled papers, 
MOSINEE safeguards every step in the 
process of making Mosinee Fibres that 


work for industry. 


MOSINEE PAPER MILLS CO., Mosinee, Wis. 





insulation. Table of properties and table 
of ASTM standard sizes. L. Frank Marke] 
& Sons. 


see No. 79, Reader Inquiry Facility, page 139 


CELLULAR RUBBER — Properties and 
test data are given in 20-page catalog. 
Topics: grades, compression, heat and 
aging, flexing, tensile strength and 
elongation and cementing. Complete sec- 
tion on industrial and military specifica- 
tions for cellular rubber. The Sponge 
Rubber Products Co. 


see No. 80, Reader Inquiry Facility, page 189 


FLEXIBLE METAL HOSE—Wide range 
of flexible hose products in all workable 
metals and in sizes from % to 30 in. ID 
are described in 12-page catalog U-101, 
Specifications listed for each type. Uni- 
versal Metal Hose Co. 


See No. 81, Reader Inquiry Facility, page 18y 


TIN-ZINC PLATING—Data sheet No, 
106 contains information on_ tin-zine 
plating process for use in place of 
cadmium. Finish is said to have good 
corrosion resistance and _ solderability, 
Metal & Thermit Corp. 


See No. 82, Reader Inquiry Facility, page 189 


TECHNICAL WAXES—For use in pro- 
tective coatings of electrical components, 
insulating materials, impregnating, sizing 
for slip of cordage, rust preventatives and 
mildew-proofing, line of waxes is de- 
scribed in a series of 16 data sheets. 
Concord Chemical Co. 

See No. 83, Reader Inquiry Facility, page 189 


IMPREGNATING PROCESS’- FOR 
CASTINGS—Twenty-page pamphlet dis- 
cusses the Tincher process for recovery 
of rejects due to porosity in castings and 
parts. Information is presented in ques- 
tion-and-answer form. Tincher Products 


Co. 


See No. 84, Reader Inquiry Facility, page 189 


METAL SPINNING, FABRICATING— 
Data book No. 3 of 40 pages contains 
many illustrations that suggest ways in 
which metal spinning can be employed. 
Also sections on spinning process, basic 
shapes and metals for spinning. Spin- 
craft, Inc. 

See No. 85, Reader Inquiry Facility, page 189 


PHOSPHATE COATINGS — Chemicals 
and processes for paint bonding, rust 
proofing, protecting friction surfaces and 
improving drawing and extrusion are 
discussed in 12-page data sheet P-100-46. 
American Chemical Paint Co. 

See No. 86, Reader Inquiry Facility, page |189 


SOLENOID VALVE-—Six-page bulletin 
AV-300 illustrates and describes air- 
control unit consisting of 4-way direc- 
tional valve, solenoid controls and inde- 
pendent air flow controls. Technical data 
and wiring diagrams. The Bellows Co. 

See No. 87, Reader Inquiry Facility, page 189 


VINYL COATINGS—‘“The Story of Sur- 


face Coatings Based on Vinylite Resins,” 
a 28-page booklet, discusses many appli- 
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ON YOUR DEFENSE ORDERS! 
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“biers \N METAL STAMPINGS 
FOR OVER 70 YEARS 


Over a period of many years, Geuder, Paeschke & Frey Co., has 
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produced many stampings for both civilian and military products. 


The items range from simple to highly intricate designs and demon- 





strate our technical efficiency and modern facilities. Illustrated here 


Seamless d ‘ ° 
Seer authee sean are a few of the many sub-contract jobs we have made for the 


trically welded 

body. Seamless government orders of our customers. 

drawn Perforated 

ae ~ dip 

galvan e . 

20 US. Ga. Sand AUGMENT YOUR PRODUCTION FACILITIES with G. P. & F. service. 
_Height—20”, ~ 

Diameter of base 

—184". 


If you have a metal fabrication problem that’s outside your field or 
beyond your plant facilities, submit blueprints or ideas to us. We 
can do your work from fabricating and finishing to final assembly. 


ELMET 
FRAME FOR DIVING H Write today for 


STAMPING e DRAWING copy of booklet 
TTI CMCMA INCH sear Send 


PITRE IPANCRMTSRNNICN cece te ilss: 


produced for 
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LEAD COATING on our facilities. 
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Width—6% 
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19 Acres of Production Facilities ... Complete Tool and Die Department 
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cations of vinyl coatings; well illustrated. 
Actual case histories. Bakelite Div., Union 
Carbide and Carbon Corp. 

See No. 88, Reader Inquiry Facility, page 18% 


ACRYLICS—Design and fabrication data 
for extruding Plexiglas VM is contained 
| in 4-page bulletin 32A. Information on 
die design, drying, extrusion conditions 
and stretching and cooling after extrusion. 
Rohm & Haas Co. 


See No. 89, Reader Inquiry Facility, page 189 


ENGINEERING DATA—Over 2000 list- 
ings of Lefax pocket-size technical books 
are cointained in revised 1951 catalog. 
Among subjects listed: decimal trigono- 
metric tables, conversion tables, mathe- 
matical formulas, motors, generators, 
transformers, meters, batteries, rectifiers, 
electromagnets, electronics. Lefax. 

ee No. 90, Reader Inquiry Facilit page 189 


COUPLINGS—Construction details, fea- 
tures, dimensions, and selection data of 
piloted-type shaft couplings are given in 
6-page bulletin 4115. Ratings from 0.4 
to 1500 hp. The Falk Corp. 


ee No. 91, Reader Inquiry Facility, page 189 


ELECTROLYTIC CLEANING—Revised 
and enlarged edition of “An Introduction 
to Electrolytic Cleaning” discusses funda- 
mentals, processes, differences in proc- 
esses and considerations in choice of an 
electrocleaner; 10 pages. The Du Bois 


Co. 


THIS HARD-WORKING HOIST =" 


RECORDERS — Electrenically operated 


strip-chart recorder. Capacilog, is de- 
- scribed in 4-paze bulletin C22. Prin- 


ciple of operation and listinz of model 





° numbers and _ specifications. | Wheelco 
.. . and a Star-Kimble Brakemotor handles the tough start-stop cycle instruments Co. 
ee No. 93, Reader Inquiry Facilit pege 189 
¢ ds i i forge sho ¥ eines 
ton LO-HED hoist keeps steel moving through a busy orge shop CREASE FITTINGS—Line of check- 
at rate of 40 to 50 tons a day. And it has kept up the pace since 1945 on 2 eee = 
: : : oo valve grease fittings are listed in 14-page 
without a single major repair! re ; 
7 . : oa . eee catalog. Types: straight, elbow and 
On jobs like this, where the going is tough, American Engineering Co. puts bushings. Universal Lubricating Systems, 
Star-Kimble Brakemotors to work in its hoists, because... ey 
Star-Kimble Brakemotors have the stamina for heavy day-after-day service, ee No. 94, Reader Inquiry Facility, page 189 
with little or no attention. 
They have short travel length between electromagnets and brake armature SMALL TUBING — Analyses available, 
plate for quick brake release and fast motor starts. The hoist picks materials sizes, tolerances, tempers and descrip- 
up in a hurry! tions of seamless and welded tubing in 
They have big braking area for sure, speedy stops. The hoist puts materials sizes from 0.010 to 1% in. OD are given 
down where they’re wanted! in 4-page bulletin No. 32. Superior 


Wherever the application calls for smooth, quick starts and split-second Tube Co. 








stops—in the toughest of over-and-over again cycles—there is a job for Oe The ee any Sey, Se 
Star-Kimble Brakemotors. Each Brakemotor is an integral unit designed for 

the application—with motor and brake built together to work together. IMPREGNATING EQUIPMENT — Bul- 

letin 501 of 4 pages describes and illus- 

Get the full story—write for free copy trates impregnating equipment. Pump 

of Bulletin B-501-A. specifications and evacuating speed 


curves. Lammert & Mann Co. 


ee No. 96, Reader Inquiry Facility, page 189 
Leal ~ ys . e * 
WIRE FORMS—Six-page folder gives 


information about design and production 


MOTOR DIVISION OF of wire forms, welded wire assemblies, 


wire and strip metal assemblies and 


HLE PRINTING PRESS AND MFG. CO. light stampings manufacturer is capable 


of producing. E. H. Titchener & Co. 
206 Bloomfield Avenue Bloomfield, New Jersey | oo. 40 97. Reader Inquiry Facility, page 189 
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MALLORY 
SILVER CONTACTS 


Fine and coin silver, while having 
desirable properties for many applica- 
tions, do not provide the physical 
properties required for some appli- 
cations. To cover these applications, 
Mallory has developed a series of 
silver base alloys. 
such improved 

greater resistance to wear, less stick- 
ing or metal transfer, and greater 
hardness. Mallory is fully qualified 
to recommend the contact 
material for your design. Write today. 


These alloys have 
characteristics as 


best 











Savings and New Precision 


In Composite Contacts 


Result from Mallory Research 


Better performance and substantial savings for customers have 
resulted time and again from Mallory pioneering in the metallurgy 
and fabrication of contacts. 


One recent Mallory development is a precision method for 
brazing silver or silver alloy discs to a base metal backing . 
holding the finished assembly to such close tolerances that 
machining is not required to square-up the finished piece. Com- 
pared with the high material cost of solid silver contacts . . . or 
the expensive finishing operation usually required in composite 
assemblies . . . this development permits important cost reduc- 
tions for Mallory customers. 


That’s value beyond expectation ! 


Mallory contact know-how is at your disposal. What Mallory 
has done for others can be done for you. 


In Canada, made and sold by Johnson Mat:hey and Mallory, Ltd., 110 Industry St., Toronto 15, Ontario 


Electrical Contacts and Contact Assemblies 


M 


P. R. MALLORY & CO., 


ioe 
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P.R. MALLORY & CO. Inc. 





ALLORY 


INDIANAPOLIS 6, 





SERVING INDUSTRY WITH 


Electromechanical Products 
Resistors 
TV Tuners 


Switches 
Vibrators 


Electrochemical Products 
Capacitors Rectifiers 
Mercury Dry Batteries 


Metallurgical Products 
Contacts Special Metals 


INDIANA 
” Welding Materials 
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PRODUCTION LINE TESTING 


SERVOSCOPE [RNa nis 


SERVO CORPORATION 


OF AMERICA 
DEPT. EM-4 
NEW HYDE PARK 
LONG ISLAND 


NEW YORK 

















INVALUABLE IN RESEARCH 
RAPID INSPECTION ON THE PRODUCTION LINE 


A SERVO ANALYZER 


@ STANDARD RANGE: .1 TO 20 CYCLES PER SECOND 
@ SINE WAVE @ SQUARE WAVE 
@ MODULATED CARRIER @ READS DIRECTLY 


50 TO 800 CYCLES SERVO LAG OR LEAD 
RS RN | IN DEGREES 


aa 
Nat 


WASHERS 
..-Competitively Priced 


Large volume production, the most advanced 
methods and facilities, plus more than 60 years 
of continuous experience in the manufacture of 
Washers, are factors that enable us to offer you 
top quality washers and stampings at competitive 
costs. Over 22,000 sets of dies for making 
Washers of every type (Standard and Special), 
from every type of material, for every purpose, 
in any finish. STAMPINGS of all descriptions; 
Blanking, Forming, Drawing. Submit your blue- 
prints and quantity requirements for estimates. 


WEI TS 70 ee i 
ie 





MANUFACTURING CO. 


The World's Largest Producer of Washers 


2200 S. BAY ST., MILWAUKEE 7, WIS 
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Feature Article 
REPRINTS 








Selected articles from each issue ot 
ELECTRICAL MANUFACTURING are 
reprinted in complete form for convenient 
filing and to avoid mutilating copies of 
the issue. Any qualified reader may se- 
cure single copies without charge of any 
new or previously announced title still 
available. Use the Reader Inquiry Facil- 
ity on page 169 of this issue, or address 
a company letterhead request to: 


J. A. Campbell 
Director of Reader Service 
The Gage Publishing Company 
1250 Sixth Ave., New York 20 


Note that each reprint described below 
carries a key number which is repeated 
in the reprint subject list in the Reader 
Inquiry Facility. On one of the postpaid 
return cards, circle numbers for the re- 
prints wanted and mail. Quantities are 
limited, and when the initial supply for 
any title is distributed no more requests 
can be filled. 

Six Titles 

One article from the January issue, 
three from February and two features in 
March have now been reprinted and are 
ready for distribution. Requests should 
be made promptly since the supply is 
limited for obvious cost reasons. 


New Announced 


Reliable Electronic Equipment, Jan. 1951, 
4 p. Report of work done at ONR on 
components, design and maintenance 
to obtain longer life for both military 
and industrial equipment. (98) 


Practicability of Powder Metallurgy, Feb. 
1951, 8 p. Methods effective in re- 
ducing the cost of many machined 
metal parts and some case _ histories; 
comparative cost factors tabulated for 
six fabricating methods. (111) 


Unitized Electronic Design and Construc- 
tion Techniques, Feb. 1951, 12 p. 
Based on study made by Stanford Re- 
search Institute for ONR. Advantages 
and limitations of unitized design and 
a number of typical examples using 
preformed or printed circuits, hermetic- 
ally sealed assemblies and embedment. 


(117) 


Fuses vs Circuit Breakers, February 1951, 
4 p. Motor protection requirements 
analyzed, selection chart for protective 
devices for various classes of circuits. 


(99) 


Developments in High - Temperature 
Metals and Ceramics, Mar. 1951, 8 p. 
Electrical and mechanical properties 
of metals and metal compounds for 
service at temperatures between 1000 


and 2500 C. (116) 


Crystal Rectifier Performance Evaluated, 
Mar. 1951, 8 p. Germanium diodes 
compared with thermonic and metallic 
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when SELETRON 
selenium rectifiers 
are at the controls’ 
for variable speed 


D.C. motor operaticn 






ABOVE: Compact speed control built 
by General Radio Co., Cambridge, ‘ 
Mass. for applications requiring up 
to approx. 1/15 H.P. output. Employs 
Seletron miniatures. 





RIGHT: Internal grinder produced by 
Bryant Chucking Grinder Co., Spring- 
field, Vt., equipped with % H.P. D.C. 
motor. Seletron power stacks, suit- 
able for operation on standard A.C. 
current are incorporated into design 
of machine. 


Seletron makes them ALL... Large, Medium and Small! 


There is a dependable SELETRON selenium rectifier for economical con- 
version of alternating current to D.C. for all requirements. SELETRON 
rectifiers have proved their efficiency and adaptability through the years 
in a wide range of industrial applications and electronic circuits. 

Let SELETRON engineers help solve your rectification problems as they 
have for so many other ranking companies. Write now! Make sure to 
request a copy of our comprehensive bulletin No. MS-32 






— ts 


ABOVE: Elevator rectification — 3 | 
bank power supply and regenerative SELETRON DIVISION 


braki i i ‘ 
ton, bell for Choson Bech Cos RADIO RECEPTOR COMPANY, Inc. 
— by Ther Electric & Machine 


Sales Dept: 251 West 19th St., New York 11, N.Y. Factory: 84 North 9th St., Brooklyn 11, N. Y. 





Since 1922 in Radio and Electronics 
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Sensitive fingers 
4 feet long - - 


FOCUS A MICROSCOPE 


They’re S.S.WHITE remote control type flexible 
shafts. As the illustrations show, they connect the 
microscope’s three focusing knobs to control knobs 
4 feet away. And they fully satisfy the application’s 
need for close, sensitive manipulation. They would 
do this whether the distance was 4 feet or 40—be- 
cause S.S.WHITE remote control flexible shafts are 
engineered and built expressly to provide smooth, 
sensitive remote control. They have the necessary 
characteristics for the job. 


WRITE FOR 
BULLETIN 5008 





It gives engineering data 
about S.S. White flexible 
shafts and tells how to select 


Close-up shows how flexible shafts are con- and apply them. Write for 
nected to microscope of the Microprojector a copy today. 

shown above. The enlarged image of the 
microscope’s field is thrown on a trans- 
lucent screen on the right end. From a 
position in front of this screen the oper- 
ator focuses and centers the image. 








Photos courtesy Mine Safety Appliances Co., Pittsburgh, Pa. 


| 


DENTAL MFC.CO. Dept. 3 10 East 40th St. 
NEW YORK 16, N. Y. 
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rectifiers for low voltage applications 
outside communications field. (114) 


Earlier Titles Available 


For many of the reprints announced 
earlier, the initial print run has been dis- 
tributed and no more copies can be sup- 
plied. Only those titles listed below are 
still available as this issue goes to press; 
quantities available in some instances are 
low. 


How to Lay Out Panels for Motor Con- 
trols and Wiring of Panels for Motor 
Controls, Jan. and Feb. 1951, 12 p, 
Combined reprint. Panel types, stand- 
ardization of components, electrical 
clearances, enclosure temperature, se- 
lection of wire for power and control 
circuits, terminal blocks and terminals. 


(121) 


Electric Drives with Speed Control, Dec. 
1950, Jan. and Feb. 1951, 20 p., com- 
bined reprint. Broad survey of all 
types; flexibility, range, speed regula- 
tion, type of power supply, relative 
complexity, cost; also, discussion of 
the basic problem of matching drive 


to load. (125) 


Report on Dielectric Research, Feb. 1951, 
12 p. Recent conference emphasizes 
practical developments; challenges 
need for fungus protection. (108) 


Making Electrical Contacts Stand Up in 
Control Service, Jan. 1951, 8 p. Causes 
for failure analyzed; advantages and 
limitations of contact materials tabu- 
lated; increasing contact life. (100) 


Design Ideas from Abroad, Dec. 1950, 
8 p. Survey shows many ingenious and 
advanced designs in recent European 
developments. (140) 


Performance of Magnetic Devices Used 
in A-C Control Circuits, Dec. 1950, 8 
p. Operating characteristics of con- 
tactors and solenoids as affected by 
voltage, frequency, stroke and force. 


(139) 


What About Electrets, Dec. 1950, 8 p. 
An outline and discussion of research 
and developments to date, with an 
annotated bibliography. (138) 


Design Limitations for Ceramic Parts, 
Dec. 1950, 8 p. Methods of fabrication 
and effect on tolerances; general de- 
sign specifications. (137) 

Teaming Up with the Defense Agencies, 
Oct. 1950, 8 p. Who handles what and 
how in the different categories of the 
defense organization. (136) 


Machine Tool Electrical Standards, Nov. 
1950, 12 p. Complete text of revised 
NMTBA Standards combined with 
J.1.C. Standards and comment. (134) 

Practical Factors in Applying Organic 
Finishes, Nov. 1950, 8 p. Paint and 
varnish technology, quality ‘control 
and application methods. (133) 

How to Extend the Life of Electron 
Tubes, Nov. 1950, 8 p. Circuit design 
to cushion shocks; marginal checking 
circuits; operating practice. (131) 

Testing Coils for Shorted Turns, Nov. 
1950, 4 p. Production high-voltage test 
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If you have Defense Order Contracts, or sub- 
contracts calling for the use of wool felt, get in 
touch with American. We can supply you with 
the felt to meet your specifications. 

When writing, please use these felt speci- 
fication numbers on your contracts. 

This information is important, since in re- 
cent years there have been changes in Federal 
specifications for wool felts. American knows 
and will gladly work closely with you to see 
that Defense Orders for felt are filled with 
material that meets the requirements exactly. 
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NORTH “Midget” RELAYS 


for ““Man-Sized” jobs! 


Although we've been in the business since 1884, we’ve never made * 


a relay that has a broader variety of application than our new line, 
known as “M-type”’. A typical example is the enclosed relay shown at 
left, which will be available either hermetically sealed or with snap- 
off dust cover. 

This “Midget” will out-perform other relays of several times its 
weight and current consumption. (In normal use it draws .05 watts.) 
It has successfully met rigid Armed Forces tests from 71°C to -53°C, 
survived thirty-day humidity courses, vibration tests and dielectric 
breakdown tests at 500 volts. Wherever there’s a tough, big-time 
relay job to be done, specify North M-type relays. Available in more 
than 100 combinations of make and break contacts in stock assembly. 


The new North Relay Catalog describes 
the vast variety of relays made by North 
for every conceivable use, and this com- 
pany’s unmatched facilities for special 
relay engineering. 


Write for a 
copy today 


MANUFACTURING COMPANY 


Originators of ALL RELAY 
Systems of Automatic Switching 


1432M , South Market Street, Galion, Ohio, U.S.A. 





detects single-turn shorts. (130) 


Safeguards for Safety in Electrical Prod- 
uct Design, Oct. 1950, 12 p. Where, 
why and what safeguards are required; 
how hazards are avoided. (129) 


Timing, Counting, Selecting Circuits from 
Elevator Practice, Sept. 1950, 8 p, 
Basic circuits useful in solving auto- 
matic control problems. (128) 


Speed-Torque Curves on an Oscilloscope, 
Sept. 1950, 4 p. Complete curve traced 
during motor acceleration from stand- 
still to full speed. (127) 


Fluorocarbon Resins Appraised, Aug., 
Sept. 1950, 20 p. Properties and appli- 
cations for high-temperature | stable, 
nonreactive materials with high dielec- 
tric value. (126) 


Printing Press Speed Control with Mag- 
netic Amplifier, Aug. 1950, 4 p. For 
shunt-wound d-c motors operated from 
ignitron rectifiers. (124) 


Cold-Rolled Electrical Strip for Rotating 
Equipment, Aug. 1950, 8 p. Continu- 
ous strip material that gives longer 
die life and faster production. (123) 


What Is a “50 C” Motor? July 1950, 8 p. 
Motor temperature ratings in terms of 
“hottest spot” temperatures for various 
classes of insulation. (122) 


Matching Solenoid Characteristics to 
Load, June 1950, 8 p. Increasing effi- 
ciency and reliability; nine suggestions 
for selection and application. (119) 


Application of Low-Loss Plastics, May 
1950, 8 p. Significance of dielectric 
properties in design. (118) 


Progress in Synthetic Mica, Mar. 1950, 
8 p. Status of coordinated research 
aimed at large-scale production. (113) 


Microwaves Offer New Control Func- 
tions, Mar. 1950, 8 p. How the func- 
tions of photoelectric control and many 
others can be performed. (112) 


Practical Factors in Applying Insulating 
Varnishes, Dec. 1949, 12 p. Import- 
ance of compounding, application and 
testing for coils and windings. (104) 


Electrical Count Control Devices, Nov. 
1949, Jan. 1950, 8 p. Survey of types 
for designed-in use. (103) 


Bulk quantities (five or more) of any 
reprint listed here for which a supply is 
still available may be obtained at the 
following prices per copy on orders ac- 
companied by remittance: 


Quantity Number of pages in reprint 
ordered 4-8 12 16 or more 


> $0.50 $0.60 

10 0.35 0.45 

25 0.30 0.40 

50 0.25 0.35 

As a special service to Librarians to 
whom copies of ELECTRICAL MANU- 
FACTURING are addressed, a maximum 
of four copies of any one title will be 
supplied without charge. Ouantities of 
five or more at the price schedule above. 
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Are there 3, 8, 10 or 14 common 
types of bellows and methods of at- 
taching end fittings available to you 
when you consider bellows for the 
job you have in mind? Is stainless 
steel, nickel or brass the material 
most frequently used? What affects 
the choice of material? How can you 
double the flexibility and halve the 
spring rate of a bellows? How can 
you limit the total pressure gen- 
erated by a bellows at a specified 
temperature? What are the advan- 
tages of a bellows shaft seal? What 


ap 


mA a4 
NOW 


of this authoritative, fact- 


filled bulletin on “What to 
eTeT RTC l-tam Ali meT--t sail: ae 


Contains: ¢ Charts @ Diagrams 


Metallic Bellows” 


® Applications ¢ Detailed analysis 


of bellows’ construction, materials, 


determines the motion relationship 
between two or more bellows when 
they are connected together? 

These and many other questions 
are answered in the informative bul- 
letin ‘‘What to Consider When Se- 
lecting A Metallic Bellows,” fea- 
turing an authoritative article which 
has appeared in a recent issue of 
PropuctT ENGINEERING. Written by 
engineers at Clifford Manufacturing 
Company, bulletin contains a wealth 
of up-to-the-minute data on bellows. 

Send for your free copy today. 


CLIFFORD MANUFACTURING COMPANY, 126 Grove Street, Waltham 54, Massachusetts 


FREE 


0 Air conditioning systems 
0 Aircraft 


00 


Kilns & ovens — industrial 


Please send me my copy of the bulletin “What to Consider When Selecting 
a Metallic Bellows.” | am interested in the applications checked. 


0 Torque converters 


flexibility, filling medium, life 


Just mail coupon below. 

Clifford Manufacturing Company, 
Waltham 54, Mass. Div. of Standard- 
Thomson Corp. Sales offices in New 
York, Detroit, Chicago, Los Angeles. 


> CLIFFORD 


HYORAULICALLY-FORMEO BELLOWS 
AND BELLOWS ASSEMBLIES 
ALL=ALUMINUM OIL COOLERS 

FOR AIRCRAFT ENGINES 


0 Compensating regulators 








0) Carburetor altimeter controls 1) Oxygen flow indicators NE 6 iv nice cediccdecccecusvedeceenen tess cocenecesoeesees 

(0 Engine thermostats ( Oxygen regulators 

0 Gasoline valves (0 Process controls IN 5 ved usietahe went adeewiceceiweineneaeuaees Wea ssacecrdaweks 

() High pressure steam devices 0 Refrigerating systems — commercial 

0) Heating equipment DD Shaft seal assemblies Wikia cc cdks 64dKS6 4060 d bawedenanPeeiceeebOkeec anseeeeeenseneeenwane 

C) Instruments O) Fuel pumps 

0 Remote or direct control of tempera- [) Fluid couplings ME MTT TT eT eT TT TT TP TT COTE TRC TT Tee Te 
ture and pressure (0 Supercharger controls 

0) Electric or gas ranges 0 Refrigerator controls — domestic rk aaa iain a ati aol a ey iiss eiccd WSs 6<c0<40 
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Air compressors i 
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Special shapes are often the 
only way to meet rigid specifi- 
cations . . . the only way to 
reduce weight, to save space. 


Whether your problem is a 
transformer, a rotating de- 
vice, a choke or a saturable 
reactor, check with Thomas & 
Skinner. With their quarter 


century of experience, they 
can offer you a solution that 
will incorporate all the latest 
advances in technology and 


design. 


For peak performance to 
rigid specifications, make 
Thomas & Skinner your sure 


source for special laminations. 


THOMAS & SKINNER—Specialists in magnetics— 
permanent magnets and laminated cores. 


THOMAS & SKINNER Steel Products Company 
1120 East 23rd Street - Indianapolis, Indiana 








MEN in 


INDUSTRY 





George A. Baird and U. Clarke §, 
Dilks are now associate research en- 
gineer and research engineer, respec- 
tively, of the Research Div., Burroughs 
Adding Machine Co., Philadelphia. 
Also Robert V. D. Campbell, who was 
a member of the staff of the Equip- 
ment Enginering Div., Raytheon Manu- 
facturing Co., Waltham, Mass., is now 


| supervisor of the Planning Dept., Re- 


search Div. Joseph Chedaker has joined 
the staff as a research engineer. 


William B. Bergen, chief engineer of 
The Glenn L. Martin Co., Baltimore, 
Md., has been elected vice president- 
chief engineer. He heads the engineering 
division made up of 8 departments. 


Frank P. Brown, who was head of Elec- 
trical Engineering and Air Conditioning 
Depts. of The Pullman Standard Car 
Mfg. Co., Chicago, is now chief of 
the Technical Services Section of the 
Ordnance Development Div., National 
Bureau of Standards, Washington, D. C. 


Francis K. McCune, who was assistant 
general manager of Nucleonics Dept., 
General Electric Co., has been appointed 
manager of enginering of the Large 





Francis K. McCune 


Apparatus Div., Schenectady, N. Y. Mr. 
McCune succeeds Ernest E. Johnson, re- 


' cently named general manager of the 
| General Engineering Laboratory. William 


E. Johnson succeeds Mr. McCune. 


William Cranford has been appointed 
to the Sales Engineering staff, Cannon 
Electric Development Co., Los Angeles. 


Boyd Dahle, R. M. Francis, L. W. 
Reithmaier and B. C. Gay are chief de- 
sign engineer, chief project engineer, 
chief research engineer, and project en- 
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THE ONE 
8 


FOR EVERYTHING IN 
ELECTRICAL 
INSULATION 


MIRAGLAS 

WOVEN TAPES, TUBINGS 
SLEEVINGS, CORDS 
CLOTHS, ETC. 


VARNISHED TUBINGS, 
SLEEVINGS & TAPES 


COTTON TAPES & SLEEVINGS 
FIBERGLAS-MICA COMBINATIONS 
VARNISHES - WAXES 

COMPOUNDS 


M-R THE 
ELECTRICAL 


en WOVEN OF FIBERGLAS YARN 


A PARTIAL LIST OF M-R PRODUCTS: FIBERGLAS VARNISHED TUBING, TAPE AND CLOTH «+ INSULATING dao 
AND TWINES + CABLE FILLING AND POTHEAD COMPOUNDS - FRICTION TAPE AND SPLICE - TRANSFORMER COM 
POUNDS «+ FIBERGLAS SATURATED SLEEVING + ASBESTOS SLEEVING AND TAPE + VARNISHED CAMBRIC CLOTH AND 
TAPE « MICA PLATE, TAPE, PAPER, CLOTH TUBING « FIBERGLAS BRAIDED SLEEVING - COTTON TAPES, WEBBINGS AND 
SLEEVINGS *« IMPREGNATED VARNISH TUBING + INSULATED VARNISHES OF ALL TYPES + EXTRUDED PLASTIC TUBING 
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TEFLON 


ELECTRICAL PARTS 


Teflon’s outstanding electrical 
properties make it an ideal insu- 
lating material for high-voltage, = - 
high-temperature, high- or ultra- 4 \ 
high-frequency service. Compo- cP A ©) 4 
nent parts fabricated of Teflon Lf TN 
are finding a steadily increasing A = Uff \ 


number of applications in radio, 


Ee 
oF 
| cenasteeeemeal 


radar, TV and other electrical Cc F .@ 


and electronic equipment. 


Teflon’s loss factor is less than 0.0005; its di- 
electric constant only 2.0—at all frequencies 
measured to date. Teflon is serviceable through- 
out the entire temperature range of —110° F 
to 575° F. with negligible change in critical 
electrical characteristics. Teflon is tough, some- 
what resilient, weather-proof, has zero water 
absorption and is absolutely non-corroding. 





We manufacture all types of molded or ma- 
chined Teflon parts including coaxial spacers 
and coaxial connectors for electronic equip- 
ment, component parts for switches, relays, 
and contactors, as well as tube sockets, high- 
voltage brackets for power resistors, gaskets, 
specialties, etc. For more information request 
Catalog No. 400. Also available — Teflon 
sheets, cylinders, rods, tubing and bars. We 
are the country’s foremost manufacturer of 


Teflon products. 


Teflon Products Division 


UNITED STATES GASKET CO. 


617 N. 10th Street e CAMDEN, NEW JERSEY 


electric 
Cycles 


Power Factor, 60 


Specific Gravity yn eo 











| gineer, respectively, of Manufacturing 


Div., Pacific Airmotive Corp., Burbank 
Calif. , 


Sheldon Dale, formerly service man- 
ager, has been promoted to the newly 
created position of director of research 
and development, Cory Corp., Chicago 
As director of research, he will be ai 
sponsible for coordination of engineering 
and manufacturing of developed pro- 
ducts. 


Dr. Martin A. Edwards, who was as- 
sociate engineer in charge of General 
Engineering Laboratory, General Elec- 
tric Co., Schenectady, N. Y., has been 
appointed engineering manager. Dr. Ed- 


_ wards is responsible for all engineering 


activities of the laboratory and for en- 


| gineering relations with other parts of 
| the company. 


Albert A. Goodman, formerly super- 


| visor of quality control, Steam Div., 


Westinghouse Electric Co., Philadelphia, 
is now manager of Quality Control for 


| the Philadelphia Div., Yale & Towne 


Manufacturing Co. 


Elliott Harrington has been named 
vice-chairman and secretary of the newly 
established Defense Projects and Pri- 
orities Committee of the Small and 
Medium Motor Divs., General Elec- 


| tric Co., Schenectady, N. Y. R. S. Walsh 


succeeds Mr. Harrington as manager of 
the Induction Motor Sales Div. 


Charles J. McVey, Jr., is now sales 
engineer in the Chicago-Dayton area 
representing the Instrument Div. of 
Thomas A. Edison, Incorporated, West 


| Orange, N. J. 


E. C. Haver has been named vice 
president in charge of manufacturing at 
Toledo Standard Commutator Co., 
Owosso, Mich. He has been with Univer- 
sal Electric Co. 


W. G. Miller, formerly assistant works 
manager, is now manager of manufac- 
turing, Motor and Control Div. West- 


| inghouse Electric Co., Buffalo, N. Y. 


John C. Redmond, who was research 
director of Kennametal Inc., Latrobe, 
Pa., has been elected vice president in 
charge of metallurgical development. 


Williams A. Roberts was elected pres- 
ident of Allis-Chalmers Manufacturing 
Co., Milwaukee, Wis. Mr. Roberts was 


| previously executive vice president in 
charge of the tractor division. He suc- 
ceeds the late Walter Geist. 





Robert R. Person is now staff assistant 
to the manager of manufacturing, Large 


| Apparatus Div., General Electric Co., 
| Schenectady, N. Y. 


William J. Katt has been appointed 
assistant manager of the design section, 
Engineering Dept., Monsanto Chemical 
Co., St. Louis, Mo. Mr. Katt was formerly 
an electrical engineer for American Tele- 
phone and Telegraph Co., an instrument 
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MAMCO PRODUCTS 


“PLASTURBO" BLOWER WHEELS 38,000 RPM ROTO-MASTER 


Latest development in blower wheels Hi-speed Roto-Master makes car- 
.. . Light weight, less noise, increased bide roughing and finishing avail- 
efficiency at lower cost. Now used on able to every shop. Gives you finger 
blowers, ventilators, dryers, projectors, tip control with carbide burrs and 
car heaters, defrosters and many other mounted wheels from 1/16 to 
applications. Dimensional stability and YA" dia. Super cooling system en- 
uniform concentricity assure smooth, ables 38,000 RPM operation. Oper- 
vibrationless operation. Injection mold- ation requires practically no pres- 


ed in one piece of thermo-setting : 

plastic* for strength and durability. ad ert Se ee 
Samples available. Send prints for A e tu . 
quotations. C or DC any cycle. Price $32.50 


* Pat. Pend. 











MAMCO HEAT GUN 


Now you can dry paint, prints, glue etc. quickly. 
Also used in many plastics welding, fusing, pre- 
heating and forming operations. Delivers 35 cu. ft. 
of air per minute at 3,000 ft. per minute velocity 
. . . heated to temperatures up to 750°. Adjust- 
For high quality, mass produced single able air blast temperature control; double jacketed 
pole, single throw toggle switches, see heater housing. 110-120 V. AC or DC. any cycle. 
Mamco first. Now in use on appli- Price with detachable stand ............ $28.50 
ances, portable tools, electronic equip- 
ment and devices. Provided with wire 
leads, any length. (Six in. std.) Three 
Amp. 250V. max. Small and compact. 
Molded plastic housing. Samples avail- 
able. Prices on request. 


MAMCO TOGGLE SWITCHES 





MOTORS & MOTOR SETS 


Hundreds of thousands of quality built Mamco 
fractional horsepower motors and motor sets 
are used thruout the Country on fans, blow- 
ers, power tools, dryers, appliances and other 
devices. Our experienced engineers will de- 
sign motors for your job or will recommend 
the stock unit necessary for your product. 
Up to 1/15th HP only. Universal or shunt 
wound. Guaranteed quality and workmanship. 


MAMCO BLOWER UNITS 


Complete blower units in various sizes 
can be furnished to fit your specifica- 
tions. All units powered with Mamco 
fractional horsepower electric motors. 
Blower wheels on standard units are 
“Plasturbo” wheels to assure highest 





MAMCO ELECTRIC COILS 


If your product calls for a coil application, 








efficiency with least noise. Can be 
used for space heaters, ventilating 
units, advertising displays, cooling 
electronic tubes, or specially built to 


be sure to consult Mamco engineers for a 
quality built Mamco electric coil. Skilled 
production workers in our organization, plus 
rigid inspection procedures, assure standard 


fill your requirements. 





quality on every order. Send prints or descrip- 
tion of product for prices. 





SPECIAL PURPOSE DRYING UNIT 


An example of the flexibility of Mamco facilities and the know how of our engineers is 
the unit shown above. This special 36” heat blower was designed and built for the printing 
trade. Air is heated to 400° F. at the outlet and forced out at the rate of 4800 ft. air -~ 
velocity per min. The heat blower has been engineered so that even temperatures and SF 
pressure are achieved thru-out length of blower. It enables quick drying of inks for ‘ 
continuous runs. Similar units can be had designed and produced for applications such as Uf 
plastic fabrication, drying of chemicals, textiles, rubber, mined materials, paper, etc. ———— 
Write, wire or phone us with your electrical problems. 


APPLIANCE MFG. CO. 


RACINE, WISCONSIN 
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Making Fast, 
but 


FAsr: 


In many cases, the secret of eco- 
nomical—and profitable—fastening 
operations in production is speed, 
both in getting parts together prop- 
erly and cutting costly fumbling 
with defective fasteners. 
Naturally, fastener quality is an 
important key to high-speed assem- 
bly. A good fastener—uniform di- 
mensionally and right for the job— 
can save its price many times over. 


Scovill makes good fasteners 
Scovill fasteners are made on special 


order only; no “bin” stock is carried. 
They are “custom-made” for each job. 











Recessed Head Screws * Sems 
Tapping Screws «+ Standard 
Machine Screws + Special Cold 
Headed Parts 


Tari fi ie 
\ WW IRSA T os 
VW 


industrial Fastener Sales, Waterville Division 
Scovill Manufacturing Co., Waterville 14, Conn. 


Montclair, N.J. 
Los Angeles « 






Detroit « 
Cieveland e 


Wheaton, Iil. 
San Francisco 
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engineer for the A. W. Cash Co., Decatur. 
Ill.. and a project engineer for Shell Oil 
Co. 


A. L. Krause, electrical engineer, has 
been advanced to assistant director of 
design, Brown & Sharpe Manufacturing 
Co., Providence, R. I. 


William W. Hoyt, formerly director of 
enginerring of American Insulator Corp., 
New Freedom, Pa., has returned to In- 
ternational Business Machines Corp., 
Endicott, N. Y. and reassumed direction 
of the Plastics Laboratory activities. 





COMPANY BRIEFS 





Allied Products Corp., Detroit, manu- 
facturer of metal parts. has acquired 
all of the outstanding stock of Michigan 
Powdered Metal Products Co., Inc., 
Northville, Mich.; the latter company is 
now a wholly-owned subsidiary of Allied 
Products Corp. 


Avco Manufacturing Corp., Cincin- 
nati, Ohio, has purchased Bendix Home 
Appliances, Inc., South Bend, Ind.: Com- 
pany will be known as the Bendix Home 
Appliances Div. 


Edgar E. Brosius Co., Inc., Pittsburgh, 
and Salem Engineering Co., Salem, Ohio, 
have merged. The name of the corpora- 
tion has been changed to Salem-Brosius, 
Inc. The Brosius Div. and the Salem 
Engineering Divs. will be operated with 
offices in Sharpsburg and Salem, Ohio, 
respectively. Headquarters for the corpo- 
ration will be in Sharpsburg. 


The Cross Co., Detroit, has opened a 
10,000-sq. ft. plant at 9527 Traverse 
Ave., Detroit, for the manufacture of 
special machine tools. 


Fairbanks-Morse & Co., New York City, 
has opened a new branch in Philadelphia 
at 401 N. Broad St.; Robert W. Perry is 
manager. 


Harper Electric Furnace Corp., for- 
merly located in Niagrara Falls, N. Y., 
has moved to new and larger quarters at 
39 River St., Buffalo, N. Y. 


Frederick Hart & Co., Inc., Pough- 
keepsie, N. Y., has changed its name to 
Daystrom Electric Corp. This folows a 
change in a name of the parent company, 
ATF Inc., Elizabeth, N. J., to Daystrom 
Inc. 


Raymond Loewy Associates, industrial 
designers, New York City, has established 
a department of development engineer- 
ing under Milo M. Dean, former chief 
engineer of the Greyhound Corp. 


Lord Manufacturing Co., Erie, Pa.; has 
opened a field office at 1613 Tower 
Petroleum Bldg., Dallas, Texas. 


Line Material Co., Milwaukee, Wis., 
is going to build a 70,000-sq ft. plant 
in Olean, N. Y. and a factory in the 








Reader 
Inquiry 
Facility 


@ If whatever appears anywhere in 

this issue, either in the editorial or 
_ advertising pages, stimulates a desire 
| for additional information, it is only 
_ necessary for readers to record their 
interests on any one of the postcards 
on page 189, in the manner sug- 
gested. The publisher will function 
for readers, immediately contacting 
the sources for the data requested. 





Readers should feel free to make 
| legitimate requests for any data 
_ which they believe will prove help- 
ful to them, expand their knowledge 
or complete their file. They will be 
expected to limit their requests for 
| only that data which are germane to 
| their responsibilities and the type of 
projects in which they engage. 


Requests will be processed only if 
the information requested on postcard 
form is complete and legible, also pro- 
vided the card is posted within sixty 
days after publication. Issues are 
mailed promptly on the first of each 
calendar month. 


If it should prove impractical to 
use the card, the editors would be 
pleased to receive letters from 
readers. 
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Clean and brilliant color 
... lower unit cost 
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The attractive cabinet for this intercommunication station is 
molded from Koppers Polystyrene 81. Manufatturer: David 
Bogen Co., Inc., New York. Molder: Watertown Manufactur- 
ing Company, Watertown, Conn. 


— because it’s molded from Koppers Polystyrene! 


@ David Bogen Co., Inc., New York, 
overlooked no possibilities in select- 
ing the cabinet material for its Chal- 
lenger intercommunication — units. 
Wood, metals and various plastics 
were evaluated for the application 
and Koppers Polystyrene 81 was 
chosen, 

“We decided specifically on the 
use of Polystyrene,” says General 
Manager Sidney Harman, “because 


le 


KOPPERS 
Ww 


of the relatively lower costs per unit 
which it afforded and because of the 
unusually clean and brilliant color 
which could be effected by its use.” 

Low unit cost is characteristic of 
products molded from Koppers Poly- 
styrene 81. It results from a com- 
bination of low material cost, im- 
proved moldability and fewer rejects. 
The rich brown color of the cabinet 
is typical of the unlimited range of 


perfect colors available in Koppers 
Polystyrene. 

Uniform molding conditions and 
a resulting absence of sink marks 
were among the benefits in this par- 
ticular application. 

No matter what type of product 
you are designing or molding, it will 
pay you to investigate the economy 
and moldability of Koppers Poly- 
styrene. 





Koppers Polystyrene has made Many Products Better and Many Better Products Possible. 


KOPPERS COMPANY, INC., Chemical Division, PITTSBURGH 19, PA. 


SALES OFFICES: NEW YORK + 


APRIL 1951 


BOSTON + PHILADELPHIA »+ CHICAGO + DETROIT 


LOS ANGELES 
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Here’s why those in the know 









—demand BRANT te} © 
PLUGS 


Rigid mounting for both plug and receptacle 


Tapered sheli design centers to engage contacts 
automatically. 







Sig vatings contact—7000 volts, 60-cycle, 
C peak on special order. 


Mins. 







Coaxial contact. Inspection door, now 
_ Open, snaps closed, giving constant 
impedence. Twinax contacts available. 


Hand-tinning keeps solder inside cups. 


All contacts, precision-machined from solid 
bar stock, electroplated with silver or gold. 


Socket contacts are full-floating—turn through 
360°. Quick, self-centering —eases inspection. 


Highly legible contact numbers on insert faces. 


Inserts of latest approved high dielectric materials. 


Your requirements are responsible 
for the 8 to 10 design advantages 
found in each type of Cannon Plug. _Insertarrangementsare availablewith 
> * 2 to 45 contacts ranging from 15 amp 
That . why engineers know the spe- to 200 amp capacity. Continuous shield- 
cification is right when it calls for _ ing available in Coaxial and Twinax. 
* Metal finish on shells for shielding 
CANN ON.TheDPConnectorSeries 294.4; Saeiemanaiee 
is just one of many Cannon types num. Other finishes available on 
—world’s most complete line. Re- *P*i#! reauest. 
quest bulletins by required type or 


describe connector service you need. 


CANNON 








Type DPD Connectors are permanent 


- L E C T Rk i C installations in rack and panel equip- 
ment... mate automatically. . . have 
weight and space-saving advantages 

Since 1915 over other connector types. 


Cannon Electric Company, Los An eles 31 
— Factories at Los Angeles, N He : - 
Representation in oulntioal “illo. ota 
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southwest at Sherman, Texas. The com- 
pany manufacturers power line equip- 
ment. 


The New York branch of National Re- 
jectors, Inc., maker of coin control de- 
vices, is now located at 39-60 61 St., 


Woodside, L. I., N. Y. 


Pyle-National Co., has added 28,000 
sq. ft. of floor space to its main manufac- 
turing plant in Chicago. 


The newly organized Radiophon Corp., 
55 W. 42 St., New York City, is the U. 
S. affiliate of the French organization, 
Ets. Radiophon of Paris. The company 
will sell European-made electronic com- 
ponents. 


Sealol Corp., Providence, R. I., maker 
of mechanical seals for shafts has an- 


| nounced formation of a subsidiary com- 
| pany, Sealol Manufacturing Co., Keene, 
N. H. 


Telechron Inc., Ashland, Mass., has 
opened an industrial sales office, at 416 


| Schmidt Bldg., 431 Main St., Cincinnati, 


Ohio, to serve customers in Mid-central 


| area. R. H. Le Shane is the district rep- 


resentative. 


Vidaire Television Co., has moved from 


| 67 N. Central Ave., Valley Stream to 





576 W. Merrick Rd., Lynbrook, L. I, N. 
z 


Photo Electric Pilot Corp., has moved 
to new enlarged quarters at 3215 Western 
Ave., Seattle 1, Wash. 


Aviation Engineering Corp., manufac- 
turer of capaccitance-type fuel-quality 
gages and other aircraft instruments, for- 
merly located in Ozone Park, L. IL, N. 
Y., has moved to expanded facilities in 
Woodside, L. I., N. Y. 


Sterling Bolt Co., has moved from 
4646 W. Lake St., to 363-405 W. Erie 
St., Chicago. The manufacturing plant 
in Chicago will continue in the build- 
ing at 1228 W. Monroe St. 


Durez Plastics & Chemicals, Inc., 
North Tonawanda, N. Y., is going to 
erect a research laboratory bordering on 
Oatka Creek at LeRoy, N. Y. 


Newly created Electronic Tube Div., 
Westinghouse Electric Corp., is build- 
ing a one-story manufacturing plant and 
a two-story building for administrative 
offices, sales offices and engineering lab- 
oratories four miles northwest of Elmira, 
m2. 


Missile Valve Co., a new development 
and manufacturing corporation special- 
izing in valve assemblies, has been 
established at 8945 Venice Blvd., Los 
Angeles. Roland Saye is president. 


Associated Spring Corp., Bristol, Conn., 
has opened a Cleveland office at 903 N. 
B.C. Bldg. Walter Bertram is in charge 
and will be assisted by John L. Butler, 


Jr. 
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Here’s a Proved way to set High-Standards in Design 


When you’ve been around for 40 years you’re _assure delivering these extra qualities. There’s no 
bound to earn some sort of reputation. That’s secret how. It’s explained in one word: precision. 
happened to Norma-Hoffmann bearings, and, in 
thousands of blueprints it gets put down in “blue 


and white” like this: Norma-Hoffmann or equal. 


Designers tell us there are extra values in these 
bearings. That they can specify Norma-Hoffmann 


and right there a worry is off their minds. 
We have certainly set up high enough standards to 


NORMA-HOFFMANN BEARINGS CORPORATION, STAMFORD, CONNECTICUT + FIELD OFFICES: Chicago, Cleveland, Detroit, Cincinnati, Los Angeles, San Francisco, Dallas, Seattle, Phoenix 
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Meeting Today’s Needs 


in Design 
Achievement 


ATERIALS shortages—the restrict- 

ed use of key components—is now 
a daily challenge to engineers and designers 
of electrically operated products. It’s the 
job of these product development men to 
raise the standards of performance of all 
machines and equipment that are vital to 
the nation’s defense effort; also to maintain 
the highest possible level of quality on 
civilian goods production. 


The design job becomes more exacting 
under present emergency conditions. Hence 
engineers must be more alert than ever to 
improved and more economical techniques 
and be prepared to make optimum use of 
both conventional and new materials. 


ELECTRICAL MANUFACTURING isa 
prime source of ideas and stimulation for 
the men responsible for the development of 
all electrically energized products. The 
monthly editorial pages abound with timely 
ideas and suggestions that can be translated 
into better product designs. The editors 
are constantly combing the field for signif- 
icant new developments . . . setting up 
new targets for product design achieve- 
ment. 


Alert advertisers are showing in their 
pages how their materials, metals, com- 
ponent parts, equipment or finishes can be 
resourcefully applied; how they can solve 
specific product problems which the de- 
signer faces in these critical times. In point- 
ing out new opportunities for the product 
maker they are contributing significantly to 
the national production goal. 








CALENDAR OF MEETINGS 


Apr. 1-5—119th National Meeting 
of American Chemical Society, 
Boston. 


Apr. 2-5—Spring Meeting, Ameri- 
can Society of Mechanical Engi- 
eers, The Atlanta Biltmore, At- 
lanta, Ga. 


Apr. 8-12—119th National Meet- 
ing of American Chemical Society, 
Cleveland. 


Apr. 8-12—99th Meeting of The 
Electrochemical Society, Wardman 
Park Hotel, Washington, D. C. 


Apr. 10-11—Westinghouse Ma- 
chine Tool Electrification Forum, 
William Penn Hotel, Pittsburgh. 


Apr. 15-21—National Safety Coun- 
cil, Sheraton Hotel, Chicago. 


Apr. 16—Semi-Annual Meeting 
Packaging Machinery Manufac- 
turers Institute, Hotel Dennis, At- 
lantic City, N. J. 


Apr. 17-20—20th Annual Packag- 
ing Exposition, American Manage- 
ment Association, Auditorium, At- 
lantic City, N. J. 


A»~. 19-20—Annual Convention of 
the Armed Forces Communications 
Assoc.at.on, Drake Hotel, Chicago. 


Apr. 22-26—53rd Annual Meeting, 
The American Ceramic Society, 
Palmer House Hotel, Chicago. 


Apr. 23—Special Technical Con- 
ference for Textile Industry, spon- 
sored by the AIEE Subcommittee 
on Textile Industry, Engineers 


Club, Philadelphia. 


Apr. 26-27—Conference on Tex- 
tile Industry, sponsored by the 
AIEE Subcommittee on Textile In- 
dustry of the General Industry 
Applications Committee together 
with the Georgia Section of AIEE, 
Georgia Institute of Technology 
and Philadelphia Textile Institute, 
Georgia Institute of Technology, 
Atlanta, Ga. 


May 21-22—Committee E-11 on 
Quality Control of Materials, 
American Society For Testing Ma- 
terials, Cleveland. 


May 23-24—Fifth Annual Conven- 
tion of American Society for Qual- 
ity Control, Hotel Cleveland, 
Cleveland. 


May 27-30—38th Spring Meeting 
of the American Society of Re- 
frigeration Engineers, Hotel Stat- 
ler, Detroit. 
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York Corporation replaces 103 fasteners 
with only 55 SPEED NUTS...cuts parts han- 
dling in half...makes 70% material savings. 


Specifications for the latest Yorkaire Conditioner 
originally called for more than a hundred threaded 
nuts, lock washers, and other fasteners. 


The Cost Saving Committee of the York engineering 
department, however, suggested that this unit be re- 
viewed for possible SPEED NUT savings. A thorough 
fastening analysis was prepared in conjunction with 
Tinnerman sales engineers. Out of this report came 
evidence that “SPEED NUT brand fasteners could re- 


NEW, COMPACT 
DESIGN NOW 
POSS/BLE 


place many of the fasteners specified .. . and provide 
immediate savings of 70% in fastener costs.” 


Further savings—in assembly time, materials han- 
dling, and parts inventory—are expected when the 
Yorkaire hits full-scale production schedules. 


Finding ways to save fastening dollars is a vitally 
important.economy with today’s narrowing profit 
margins. Ask for details on our comprehensive 
Fastening Analysis—and write for copy of new 
“Savings Stories.” TINNERMAN PRODUCTS, INC., Box 
6688, Dept. 12, Cleveland 1, Ohio. In Canada: Do- 
minion Fasteners Ltd., Hamilton. In Great Britain: 
Simmonds Aerocessories, Ltd., Treforest, Wales. 


55 SPEED NUTS 
REPLACE /03 FASTENERS 


| 


NO V/IBRAT/ION LOOSEN/NG 


D ar ms 
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Former method of securing coil assem 
bly to coil baffie called for 32 common 
fasteners —now requires only 16 rr oe 
locking, resilient Flat Type SPEED NUTS. 
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at 
ASSOCIATIONS 


AND SOCIETIES 


IRE Presents Annual Awards 


At the annual banquet of the Institute 
of Radio Engineers held in New York 
on March 18, the Medal of Honor was 


] Pi 
i 
| 
presented to V. K. Zworykin of the 
| Pee TA Li Radio Corporation of America. The 
Medal of Honor, “awarded in recogni- 
of distinguished service rendered 


tion 
through substantial and important ad- 
vancement in the science and art of ra- 


! 

{ es 

/ ? 

| ; dio communication,” was given to Mr, 
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Zworykin for his outstanding contribu- 
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Vv. K. Zworykin R. B. Dome 


EMC AND CYCLOHM 
FRACTIONAL H.P. MOTORS 


UNIVERSAL AND DIRECT CURRENT 


1/1000 TO 1/4 H.P. 
INDUCTION TYPES 


SHADED POLE 
1/2000 TO 1/80 H.P. 1/1400 TO 1/5 H.P. 


A. B. Macnee Marcel J. E. Golay 


W. W. Harman 


tions to the concept and development 

of electronic apparatus basic to modern 

television, and his scientific achievements 

that led to fundamental advances in the 

application of electronics to communica- 

tions, to industry, and to National secur- 
ity. R. B. Dome, General Electric Co., 

HOWARD | received the Morris Liebmann Memor- 
HOWARD INDUSTRIES, INC, | ial Prize for many technical contribu- 

tions to the profession, but notably his 

contribution to the intercarrier sound sys- 

tem of television reception, wide-band 

phase-shift networks and various sim- 
plifying innovations in FM receiver cit- 
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a hig step in the 
development of 


iil 


ONE AFTER ANOTHER, transformer 
companies like Jeffries are ‘‘discover- 
ing’? Quinterra—the revolutionary, 
new Johns-Manville purified as- 
bestos, high-temperature, electrical 
insulation. 

... And, like Jeffries, they’re dis- 
covering that Quinterra in a trans- 
former gives them important selling 
advantages .. . as well as providing 
many savings in transformer design 
and production. 


Johns-Manville 
ELECTRICAL INSULATIONS 
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Quinterra is a paper-thin flexible,con- 
tinuous sheet insulation. It is being 
widely used for interlayer and wrap- 
per insulation in transformers and 
coils. 

Its lasting dielectric strength, due 
to its resistance to pyrolysis, assures 
a greater safety factor and longer 
operating life. Quinterra withstands 
substantially higher temperatures 
than the hot-spot limit of 130C for 
Class B insulations. 


— = 








Johns-Manville 
Box 290, New York 16, N. Y. 


Kindly send me a copy of 
Johns-Manville Quinterra Electrical Insulation EL-34A. 

















QUINTERRA 
cuts factory rejects 
reduces complaints 


improves production rate 





produces more uniform product 


= & & & & 


cuts costs of 
operations 


Name 

Company Position 
Address_—_——__—_— 

City State. 








STANDARD AND 
HEAVY DUTY 


INVERTERS | 





For Inverting D.C. to A.C. 
Specially Designed for operating A.C. Radios, Tele- 











vision Sets, Amplifiers, Address Systems, and Radio 
Test Equipment from D. C. Voltages in Vehi- 
cles, Ships, Trains, Planes and 
in D. C. Districts. 





oa 
NEW MODELS Yew LITERATURE 


“A” Battery Eliminator, DC-AC Inverters 
Auto Radio Vibrators 


Sce your jobber or nite factory 





— 
tac 


American Tevevision « Ravio Co 
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cuits. Browder J. Thompson Memorial 
Award was given to A. B. Macnee, Uni- 
versity of Michigan, for his paper en- 
titled “An Electronic Differential Analy- 
zer.” Marcel J. E. Golay, Signal Corps, 
was awarded the Harry Diamond Me- 
morial Award for his many contributions 
in the overall Signal Corps research and 
development program and _ particularly 


for his accomplishments leading toward | 


a reduction in the infra-red-radio gap. 
W. W. Harman was presented the Ed- 
itor’s Award for his paper entitled “Spe- 
cial Relativity and the Electron” which 
appeared in the November 1949 issue 


of the “Proceedings of the ILR.E.” In | 
addition to these awards 41 members of | 
the Institute will be awarded fellow- | 


ships. 


E. H. Schulz Named 1951 President, 
National Electronics Conference, Inc. 


Dr. E. H. Schulz, chairman of the 
electrical engineering department at Ar- 
mour Research Foundation of Illinois 
Institute of Technology, Chicago, has 


been named 1951 President of the Na- | 


tional Electronics Conference, Inc. Dr. 
W. G. Dow, electrical engineering de- 
partment, University of Michigan, was 
named chairman of the board. The 
seventh annual conference will be held 
October 22, 23 and 24 at the Edgewater 
Beach Hotel, Chicago. 


H. P. Steele Elected Director of ASA | 


Recently Hoyt P. Steele, executive 
vice president of the Benjamin Electric 
Manufacturing Co., Des Plaines, Ill., was 
elected director of the American Stand- 
ards Association, New York. Mr. Steele 


has taken a leading part in standardiza- | 


tion work for many years. He has been a 
member of the board of governors of 
the National Electrical Manufacturers 
Association, an officer in a committee of 
the Illuminating Engineering Society 
and a member of the Reflector and 
Lamp Manufacturers Standards 
tute. 





Patents Released For Public Use 
By Atomic Energy Commission 


Twenty-nine patents and two 
applications for patents covering, 
among other devices, electrical 
and electronic components, cir- 
cuits and equipment have been re- 
leased for public use by the 
Atomic Energy Commission. The 
commission will grant nonexclusive 
royalty-free licenses on the re- 
leased patents as part of its pro- 
gram to make nonsecret techno- 
logical information available for 
use by industry. The list of 
available patents, identified as Vol. 
1, No. 9 dated February 15, 1951, 
is available from the Division of 
Information Services, United States 
Atomic Energy Commission, Wash- 
ington 25, D. C. 





Insti- | 











Magnetic 
Recording 


Product Design 





Recognizing the growing importance 
of magnetic recording as a design tool, 
ELECTRICAL MANUFACTURING has 
published the following series of articles: 





An Appraisal of Design Trends in Mag- 
netic Sound Recorders, June 1946, p. 
107. A progress report on a rapidly de- 
veloping field. Basic principles. Avail- 
able recording media. Types of record- 
ers in use and in development. 


Designing Wire-Recorder Unit for Low- 
Cost Quantity Production, January, 
1947, p. 122. Emphasis on the mechan- 
ical elements, particularly in the wire- 
transport system. Die-castings used for 
economy. 


Magnetic Recording Media as Compon- 
ents in Product Design, May 1948, p. 
82. Evaluation of wire and tape, in 
various types, from the standpoint of 
optimum performance in selected ap- 
plications. Some case histories. 


Magnetic Recording Systems in Product 
Design, February 1950, p. 74. A re- 
view of developments in the magnetic 
recording field, through a discussion 
of major elements—recording media, 
transport systems, controls. Applica- 
tions include sequence controls, data 
analysis, test instruments. Emphasis on 
design possibilities beyond the home 
recorder and broadcast-type recorder. 


Precision Magnetic Tape Recorder for 
High-Fidelity Professional Use, Octo- 
ber 1950, p. 134. Design story behind 
the development of a compact profes- 
sional-type unit. An “Annual Product 
Design Award.” 


Spectrophotometer with Wire Recorder, 
January 1951, p. 118. A commercial 
magnetic recorder is designed into a 
single-beam, direct transmittancy infra- 
red spectrophotometer to automatically 
control wavelength and slit-drive mo- 
tors. 


Test Laboratory for Magnetic Tape Re- 
cording, March 1951, p. 116. Pictorial 
description of laboratory setup for 
rapid testing of performance charac- 
teristics. 


Tape Recorder for Geophysical Work, 
April 1951, p. 260. Concise descrip- 
tion of a 18-channel instrument for 
seismic use in oil fields. 
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Looking tor a material 
to withstand 


EXTREME THERMAL SHOCK? 


SUING Ata 


iS your answer | 


100 cycles without harm— ~ 
From a furnace at 


\ 
aaron 


into liquid air 
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LiQuiD 
AIR 

with no failure, and no 
apparent damage to 
the STUPALITH ceramic 


Remarkably low thermal- 
expansion characteristics make 
STUPALITH ideal for applica- 
tions where conditions of 
extreme thermal shock are 
present. 


Stupalith may be formulated 
and processed to possess Zero, 
Low-Positive and Low-Nega- 
tive expansitivities. Formed by 
conventional methods—press- 
ing, extrusion or casting— 
STUPALITH may be machined 
or ground to precision toler- 
ances. Can be safely used at 
temperatures up to 2200° F. 


The demonstration described 
in the illustration at the left 
shows the amazing ability of 
STUPALITH to withstand ther- 
mal shock. 


We will be glad to send you a copy of Bulletin 
849, which gives full details of this remarkable 


group of ceramics. 


CERAMIC AND MANUFACTURING CO. 


LE 
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STUPAKOFF 
- PRODUCTS. 


For Electncal and — 
Electromes Agolications 


ASSEMBLIES—Stupakoff assemblies in 
clude Induction COILS for radio veers 
and transmitters; SHAFTS for air-tun- _ 
ing condensers; METALLIZED PLATES 
for making fixed rigid assemblies. 


CERAMICS—Stupakoff has long been a 
leading supplier Raga ys products for 
a wide variety of trica electronic 
applications—precision made for all volt- 
ages, frequencies and er 


RESISTOR | 
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THE SERVICE LIFE 
OF YOUR MOTORS 


STANDARDS 


Metallic Rectifiers—Practical information 
on metallic rectifier cells, stacks and units 
contained in 56-page standard No. MRI- 
1950, include: basic definitions, ratings, 
performance, testing and manufacturing 
standards. Standard is divided into 5 
parts—general definitions, copper-oxide 
rectifier cells and stacks, selenium rec- 
tifier cells and stacks, rectifiers for in- 
dustrial truck battery chargers, and elec- 
troplating metallic rectifier units. Many 
curves and tables show standard charac- 
teristics. Automatic revision _ service, 
Copies of the Standard are available from 
National Electrical Manufacturers Asso- 
ciation, 155 E. 44th St., New York 17, 
for $1.50 per copy. 


Magnesium-Base Alloys—Four tentative 
specifications cover magnesium-base al- 
loys for various applications. Each stand- 
ard provides information on testing pro- 
cedures and property values. Standard 
B90-49T of 4 pages covers magnesium- 
base alloy sheet; B94-49T of 2 pages, 
die castings; B107-49T of 5 pages, bars, 
rods and shapes; and B199-49T of 4 
pages, permanent-mold castings. Copies 
of the standards may be obtained from 
ASTM, 1916 Race St., Philadelphia 3, 
for $0.25 each. 


Gears—Nomenclature, terms, definitions 
and illustrations pertaining to gears are 
containel in 24-page standard B6.10-1950 
which provides a system of terms and 
meanings grouped as a logical series 
rather than in alphabetical order. Also 
included are illustrations which can be 
referred to in investigations and discus- 
sions of gear problems. Available from 
American Standard Association, 70 E. 
45th St., New York 17, $1.50 per copy. 


Instrumentation Symbols — System of 
symbols and identifications for use in 
industrial process instrumentation desig- 
nation is described in booklet RP5.1 
prepared by an Instrument Society sub- 
committee; information contained was 
obtained by surveying 352 individuals 
and organizations. Symbols and identifi- 
cations are intended for use in flow plans, 
specifications, listings, requisitions, order 
sheets, construction drawings, tagging of 
equipment and_ technical _ literature. 
Copies may be obtained from the Instru- 


‘ment Society of America, 921 Ridge Ave.. 


Pittsburgh 12, for $1 per copy. 


Insulation—Recommended Practice for 
Testing Insulation Resistance of Rotating 
Machinery, AIEE standard No. 43, con- 
tains 3 parts. Part I describes insulation 
resistance characteristics of rotating ma- 
chine windings, the manner in which 
these characteristics may serve to indicate 
condition of the winding and the testing 
procedure for obtaining insulation re- 
sistance. Part II contains insulation resist- 
ance data associated with synchronous 
and induction machine windings and 
formulas for standard value of insu- 
lation resistance of windings. Part II 
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Dollar and 
on Fafn 





nts Angle 


ealed Ball Bearings 


Figure it out yourself ... You may be 
able to improve your product by using one of thc 
several types of Fafnir Sealed Ball Bearings — 
especially if you make household appliances, elec- 
tric motors, farm equipment . . . anything which 
operates intermittently. Sealed. to keep lubrica- 
tion in, dirt and contaminants out, these bearings 
keep your product running smoother, longer, 
without attention or breakdowns even when cus- 
tomers neglect it. 


You slash manufacturing costs, too, because 
Fafnir Sealed Bearings simplify assemblies, cut out 
machining operations, and eliminate extra parts 
otherwise needed to provide and retain lubricants. 


It may pay you well to switch to Fafnir Sealed 
Ball Bearings. Remember, only ball bearings offer 
this type of self-protection which results in these 
“dollar and cents” advantages. To find out what 
advantages Fafnir Sealed Bearings can offer you, 
call in a Fafnir engineer. ‘The Fafnir Bearing 
Company, New Britain, Conn, 





Felt Seal 





Plya-Seal 


MOST COMPLETE Py LINE IN AMERICA 
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Universal Motor Brushes! 


In practically every case, users of Stackpole Grade 
687 high-resistance graphite brushes for small AC- 
DC motors have reported materially longer brush 
life and greatly minimized commutator wear. De- 
spite their high specific resistance, these unique 
brushes cause little or no change in either motor 
speed or motor torque. Mechanical strength of the 
brushes is exceptionally high. 













Whether you’re actually dissatis- 
fied with your present brushes or 
are simply on the alert to get better 
components for your money, it 
should pay you to test this Stackpole 
development. You be the judge— 
on your own equipment, under actual 
operating conditions! 


STACKPOLE CARBON COMPANY, ST. MARYS, PA. 


BRUSHES FOR ALL ROTATING ELECTRICAL EQUIPMENT @ CARBON, GRAPHITE and 
PRECIOUS METAL CONTACTS e VOLTAGE REGULATOR DISCS e CHEMICAL CARBONS 
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CLUTCH RINGS @ ELECTRIC FURNACE HEATING ELEMENTS 
POWER TUBE ANODES e RESISTANCE WELDING and BRAZING CARBONS 
SEAL RINGS e TROLLEY and PANTOGRAPH SHOES, etc. 








| gives insulation resistance data associ- 


ated with d-c machine windings, and a 
formula for standard value of insula- 
tion resistance of these windings. Avail- 
able from American Institute of Elec- 
trical Engineers, 33 W. 39th St., New 
York 18, for $0.60 per copy. 


Temperature Measurement — AIEE 
Standard No. 551, Master Test Code for 
Temperature Measurement of Electric 
Apparatus, contains recommendations for 
the determination of operating tempera- 
ture and of temperature rise where 
temperatures do not exceed 500 C. Stand- 
ards pertaining to permissible tempera- 
ture rise and corrections, and other 
special corrections and limitations are 
not included. Limit of error contemplated 
in the recommendations is on the order 
of 1 per cent of measured temperature 
in Centigrade. Copies may be obtained 
from the American Institute of Electrical 
Engineers, 33 W. 39th St., New York 18, 
for $0.80 per copy. 


Abbreviations on Drawings—Revised edi- 
tion of American Standard Abbreviations 
for Use on Drawings, Z32.13-1950, 
brings the 1946 edition up to date with 


| latest industry practice. Over 200 
| changes have been made and more than 
| 40 new abbreviations have been added. 


New sections on abbreviations for colors, 
valves, and screw threads; section on 
letter symbols for cable and magnet wire 
has been enlarged to include colors of 
cable and magnet wire. Copies may be 
obtained from the American Standards 
Association, 70 E. 45th St., New York 17, 
$1 per copy. 


Rubber—Tentative methods of test for 
changes in properties of rubber and rub- 
ber-like materials in liquids are included 
in standard D471-49T of 9 pages. Tests 
specified are useful in estimating the 
comparative ability of these materials to 
withstand the effects of liquids; primarily 
for intercomparison rather than for esti- 
mation of service. Specification D927- 
49T of 4 pages covers tentative method 
of test for viscosity of rubber and rub- 
ber-like materials by the shearing disk 
viscometer. Available from the American 
Society For Testing Materials, 1916 Race 
St., Philadelphia 3, for $0.25 each. 


Electron Tube Bases, Caps and Termi- 
nals—Consisting of dimensional outline 
drawings, American Standard C60.1-1949 
gives standard dimensions for electron- 
tube bases, caps and terminals. Types 
range from bayonet candelabra double 
contact to medium-shell 14-pin. Also in- 
cluded is a section on the designation 
system for the bases, caps and terminals. 
Copies of the 24-page standard may be 
obtained for $1 from the ASA, 70 E. 
45th St., New York 17. 





Aircraft Circuit Interrupting Devices— 
Proposed Test Code for Aircraft Circuit 
Interrupting Devices No. 801, defines 
acceptable methods of making tests to 
determine ratings and performance of 
devices for 12-, 24- and 120-volt d-c 
circuits. Tests described are temperature, 
voltage drop, interrupting capacity, cali- 
bration, dielectric, insulation resistance, 
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TANDARDIZE 


with OHIO 


In these days of “speed-up” production, high main- 
tenance cost and competitive government contracts, 
the wise engineer turns to Ohio STOCK gears and 
speed reducers for specifications. 


Ohio STOCK gears and speed reducers save valuable 
production time and eliminate “extra-cost-specials”. 
Quantity runs produce lower cost. 


Check these facts and get in touch with your nearest 
distributor; he’s trained to engineer your problems. 


DISTRIBUTORS AND REPRESENTATIVES 


*Akron, Ohio *Miami 9, Fla. 

Hardware & Supply Co. General Equipment & 
*Baltimore, Md. Supply, Inc. 

L. A. Benson Co., Inc. . Milwaukee 11, Wisc. 
*Brooklyn 6, N. Y. Albert F. Korf & Co. 

(Gears) Northside Leather *Minneapolis, Minn. 


Belting Co., Inc. Industrial Supply Co. 


Buffalo, N. Y. *M : 
F. E. Allen uskegon, Mich. 


*S. H. Pooley Belting Co. cee pee 
*CtSchrade-Batterson Co. Meee — Co. 
eS oe eo Woodward Wight 
nCievetens 30, Chie *New York, N. Y. 


(Reducers) Pat 7 ; 
Dayton, Ohio sion Co., , ee 


i E. << cot (Gears) Atlantic Gear Works 
*Detroit 2, Michigan *Paterson 4, N. J. 
» pag gg and Supply Co. (Gears) Bernstein Bros. Inc. 
—. Co Pawtucket, Rhode Island 
Pam a. George G. Pragst 
*Findlay, Ohio eneia : 
Bearing & Transmission Co. Philadelphia, Pa. 
*Grand Rapids 2, Mich. — Belting & 
F. Raniville Co. ee Co. 
SiZagerstown, Md. ; obert L. Latimer Co. 
Hagerstown Equipment Co. *Piqua, Ohio 
Hoboken, N. J. Bornell Supply Co., Inc. 
Crown Industrial Supply *Pittsburgh 30, Pa. 
Houston 3, Texas Standard Machinists 
Behring’s Bearing Service, Inc. Supply Co. 
*Indianapolis, Indiana *Portland 14, Oregon 
A. R. Young J. W. Minder Chain & Gear Co. 
*Kansas City 16, North Mo. *Rochester 4, N. Y. 
Sesco Engineering & Supply H. M. Cross and Sons, Inc. 
Corp. *San Francisco, Calif. 


*Los Angeles 21, Calif. ; 
5 W. Minder Chain & Gear Co. The Adam Hill Co. 


isvi *St. Louis, Mo. 
Louisville 2, Ky. : 
Alfred Halliday The Essmueller Co. 


*Massillon, Ohio *Syracuse, N. Y. 
Hardware & Supply Co. U. and S., Inc. 
*Memphis 2, Tenn. *Toledo, Ohio 
Memphis Bearing & Supply Co. The Bearing & Transmission Co. 


IN CANADA, *Montreal, Quebec, John Braidwood & Sons, Ltd. 
*Stocks Carried. 


ESTABLISHED 1915 


THE OHIO GEAR COMPANY 


1358 EAST 179 STREET @ CLEVELAND 10, OHIO 
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Military Research Targets 


and Design Requirements 


An annotated bibliography of articles on Armed Services devel- 
opment published in ELECTRICAL MANUFACTURING in a 
continuing editorial program. 


Electrical Insulation—Navy’s Program Moves Ahead, November 1948, 
p. 88. An evaluation report on research development in glass-silicone 
and glass-melamine laminates. Qualification tests; property data; de- 
velopment contract result included. 


Shock Resistance of Molded Thermosetting Plastics Materials, August 
1949, p. 80. Report of investigations made by the Navy looking to 
establishing a standard test method. (Reprinted by New York Navy 


Yard, Brooklyn, N.Y.) 


Bearings and Lubricants for High-Temperature Motor Operation, June 
1949, p. 110. Report on a Navy program pointing to development of 
silicone compounds that can stand up to Slchememnabees operation 
of silicone-insulated rotating equipment. Test results evaluated; test 


set-up described. 


Impact of Military Requirements on Product Design, October 1949, 
p. 142. Influence of new materials and components, and new design 
concepts. Design targets and problems in military electrical and 
electronic equipment. Miniaturization criteria. Research projects 
summarized. Several case histories. 


Preventing Fungus Damage, November 1949, p. 89. Introduction to 
cause and mechanism of fungus attack. 


Plastics Can Be Electrical Conductors, November 1949, p. 60. New 
class of materials combines advantages of physical properties of 
plastics with controllable resistivity. 


Progress in Synthetic Mica, March 1950, p. 99. Comprehensive report 
on the status of coordinated research projects aimed at large-scale 
commercial production to replace or add to possible war-scarce 
natural mica. 


Problems in Fungus and Moisture Deterioration, March 1950, p. 78. 
Protection of electrical components and equipment in temperate 
climates as well as in tropical. Specifications of fungistatic agents; 
test results; classifications of materials. 


Reliability in Electronic Equipment, September 1950, p. 107. Factors 
involving repair and maintenance costs. Reasons for building reli- 
ability into the design. 


Fluorocarbon Resins Appraised (Part I—Properties, August 1950, p. 76; 
Part II—Applications, September 1950, p. 80). Spurred by military 
needs, a whole new class of high-temperature, stable, chemically 
nonreactive materials of high dielectric values is being developed. 
Part I analyzes the unique properties of these resins; Part II dis- 
cusses specific applications: wire insulation, liquid dielectrics, film, 
molded and fabricated parts. 


Teaming Up with the Defense Agencies, October 1950, p. 149. What 
the design engineer should know about the functions and respon- 
sibilities of the Munitions Board. the Research and Development 
Board, and the Armed Services Electro Standards Agency in pro- 
curement research and standards in the rearmament program. 


Reliable Electronic Equipment, January 1951, p. 107. Progress report 
on an Office of Naval Research program. Covers work in components, 
design, production and maintenance. Case histories. 


Fluorocarbon Hermetic Seal Design, January 1951, p. 113. Design of 
terminal seals for miniaturized 400-cycle high-temperature trans- 
formers to meet military specifications. 


Unitized Electronic Design and Construction Techniques, February 
1951, p. 78. Principles, advantages and limitations of the major 
techniques used to simplify design so as to produce easily replaceable 
“packaged” subassemblies for minimized servicing. 


226 








sistance. Part II contains insulation re- 
sistance data associated with synchronous 
and induction machine windings and the 
formulas for standard value of insulation 
resistance of these windings. Part III 
gives insulation resistance data associ- 
ated with d-c machine windings, and a 
formula for standard value of insula- 
tion resistance of these windings. Avail- 
able from American Institute of Elec- 
trical Engineers, 33 W. 39th St., New 
York 18, for $0.60 per copy. 


Electronics: Experimental Techniques— 
by W. C. Elmore and Matthew L. 
Sands. McGraw-Hill Book Co., Inc. 


This volume, one of a series which has 
been prepared as a record of the research 
work done under the Manhattan Project 
and the Atomic Energy Commission, 
describes the most useful and most suc- 
cessful circuits for making nuclear and 
other physical measurements. In addition 
to the description of complete circuits— 
pulse amplifiers, counting circuits, sweep 
circuits, timing circuits and testing equip- 
ment—a discussion is given of the cir- 
cuit elements that constitute the basis 
of complete circuits. 








Manufacturers’ 
Publications 





For these selected publications on ma- 
terials, components, technical data and 
engineering services write direct to the 
manufacturer on company letterhead, 
mentioning ELECTRICAL MANUFAC- 
TURING as your source. 


SOLDERLESS TERMINALS, CON- 
NECTORS— Sta-Kon bulletin No. 61 of 
40 pages lists line of pressure terminals 
and connectors, gives complete listing of 
Armed Forces procurement numbers with 
the corresponding manufacturers’ num- 
ber; simplifies selection and procurement 
of fittings for aircraft and naval wiring 
and for ground force equipment. Pages 
listing specific types give complete di- 
mensions in a table along with full in- 
formation on UL and Armed Forces ap- 
provals. The Thomas & Betts Co., Inc., 
Elizabeth 1, N. J. 


INDUSTRIAL INSTRUMENTS — Des- 
criptions of many types of industrial in- 
struments and apparatus used in research 
are included in 84-page bulletin 15-14. 
Section on precision laboratory measuring 
instruments includes mention of elec- 
tronic indicators, Electrometer, pyro- 
meters for measuring low temperature 
and radiation pyrometers for measuring 
temperatures up to 7000 F. This section 
also includes information on high vac- 
uum gages and pressure and force trans- 
ducers. Third section reviews components 
such as converters, balancing motors 
and servo amplifiers which constitute 
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O-rings for Turbojet Engine. G-E silicone 
rubber O-ring gaskets effectively seal two 
main parts of this Turbojet Engine against 
air and oil vapors at high temperatures. 





Gasket on Chemical Reactor. Temperatures 
as high as 350 to 400 F under high vacuum 
conditions are reached in this chemical re- 
actor sealed by a G-E silicone rubber gasket. 


*Address inquiries to Section F-2, Chemical 
Department, General Electric Company, 
Pittsfield, Massachusetts. 
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New uses for parts fabricated by General Electric from its improved silicone 
rubber (G-E 12650) are being found—because of what it won’t do. G-E sili- 
cone rubber is inert... won’t react with metals, rubber and many chemicals. 

This inertness makes G-E silicone rubber ideal for applications where 
corrosion or deterioration is a problem. Besides that, it has amazing resist- 
ance to heat and cold—plus excellent dielectric properties. Its improved 
mechanical strength makes it practical for use under high heat. 


DEPEND ON G. E. 


General Electric’s specialized fabricating service is ideally equipped to supply 
the silicone rubber parts you need. This specialized service fabricates only 
silicone rubber compounds—your assurance of high-quality parts uncon- 
taminated with other materials. Special molding and extruding techniques 
are employed, using G.E.’s own quality-controlled compounds, or any com- 
mercially available compound specified by a customer. General Electric, a 
pioneer in the development of silicone rubber, has tremendous “know-how” 
gained through designing hundreds of applications. Put this specialized fab- 
ricating service to work for you!/* 
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Consecrated 


to Quality Output and 
Golden Rule Service 


“METALITE” 


METALLIZED PAPER (¢ 


Asiaan 


APACITORS 


ULTRA-COMPACT, SPACE-SAVING, SELF- 
HEALING CAPACITORS developed and per- 
fected by our engineers 
PS) i research and experimentation. Standard in both card- 
_ . board tubular and hermetically sealed metal containers 
WS ' they are an essential prerequisite in subminiature equip- 
CL ment and a “must’”’ where long life and depend- 
aN ~ ability are required. Reduce your capacitor volume 
be by more than 50%. 


after years of constant 


STAON CORPORATION 


a _ Avenue — East Newark, New Jersey 


vfacturers 


XE OD CAPACITORS 


Write for 
complete 
new catalogue 








let Gl them they 


JELLIFF ALLOY 1000 RESISTANCE WIRE 


really is, and that’s the way he summed it up. And even when you 
make allowances for a salesman’s natural enthusiasm, he’s pretty 


CAN’T AFFORD - USE 
ANYTHING ELSE... 


That’s Joe Gibbons speaking. We were 
talking about how to make people realize 
what a terrific thing this new 


near right. Just look at some of the important data: 


. DIPPING BAS«& 


4d HSaWw 281M 





* + 
7s © WIRE CLOTH © STRAINE 


aktepaaen «662. Resistivity 1000 ohms/cmf 


THE C. 0. 


ae 


MANUFACTURING 
CORPORATION 
SOUTHPORT; CONN. 


TC of Resistance 20 ppm— 
Coefficient of Expansion 13.9 
ppm— 

Corrosion Resistance equal to 


the 


Ss 
a¥IimM AINYW) 


* 


FILTERS « 


write for Bulletin 25. 


228 


Tensile strength 165,000 psi— 


best nickel-chromiums— 
Winds fast and solders easily— 
Lots more ohms in lots less space. 


See what we mean? For the whole story, 
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integral operating parts of research and 
analytical apparatus. Industrial Div., Min- 
neapolis-Honeywell Regulator Co., 4466 
Wayne Ave., Philadelphia 44. 


DIE-STAMPED ELECTRONIC CIR- 
CUITS—Production of electronic and 
electrical circuits by die stamping is ex- 
plained in 16-page illustrated booklet. 
Process uses a flat die bearing the cir- 
cuit configuration to cut out the conduc- 
tors and circuit components from a sheet 
of conducting material and stake them 
to a sheet of insulating material. The 
die is inserted in a stamping press and is 
heated to set the coating of thermoplastic 
cement on the underside of the conduct- 
ing material. Case histories describe and 
illustrate the applications of the tech- 


nique: radio receivers, TV tuner, loop 
antennas, business machines, cable as- 
semblies, inductors and commutators. 


Franklin Airloop Corp., 43-20 34th St., 


Long Island City 1, N. Y. 
ELECTRONIC PARTS—Radio, TV and 
electronic components handled by dis- 


tributor are fully described and illustrated 
in 132 page catalog No. 51. Included are 
transformers, electron tubes; plug-in 
units, sockets, hardware, capacitors, re- 
sistors, potentiometers, switches, relays, 
timers, chokes, coil forms, insulators, 
racks, cabinets, chassis, connectors, wire 
and cable, tools, batteries, headphones, 
tube and set testers, oscilloscopes, volt- 
meters, ammeters, ohmmeters, signal 
generators, and panel meters. Sun Radio 
& Electronics Co., Inc., 122-124 Duane 
St., New York 7 


BEARING MAINTENANCE—Continu- 
ing study of bearing maintenance tech- 
niques and successful maintenance, in- 
stallation and removal procedures will 
be published in a series of pamphlets. 
In 4-page Vol. 1, No. 1 the subject is 
“How to Recognize and Correct Bearing 
Failures.” Large tables contain illustra- 
tions of different types of bearing failure, 
state the cause, and give the corrective 
measures, A file folder is also available in 
which the succeeding issues can be com- 
piled. Anti-Friction Bearing Distributors 
Association, 1900 Euclid Ave., Cleveland 
15. 


FASTENERS — Comprehensive — up-to- 
date 1951 catalog 51 lists and describes 
line of fasteners. Unless specified, all 
dimensions given in this catalog agree 
with ASA standard for Slotted and Re- 
cessed Head Screws B18. 6-1947 or ASA 
standard for Unified and American Screw 
Threads, B1.1-1949. Every table of head 
dimensions lists both slotted heads and 
Phillips recessed heads. Tapping screw 
section includes a tabulation of all infor- 
mation in one place for easy reference. 
Information on standard fasteners in- 
cludes: head and thread dimensions, 
recommended uses, methods of applying, 
general data, finishes, packaging, weight 
and shipping. Specials are described 
and illustrated: Sems, Thread-lock, Spin- 
Lock, Lock-Tite, Lubricized and Clutch- 
Head Screws. Continental Screw Co., 
New Bedford, Mass. 


ELECTRICAL MANUFACTURING 








Sabiliy (Mac, 


here’s what MELMAC® 592 


Many manufacturers have capitalized on the combination of desirable properties offered by 


MELMAC 592 (a 
compound). Perhaps you can, 


DIMENSIONAL STABILITY 


SHRINKAGE (MILS/INCH) 


Look at that nearly flat line .. . proof over 
4% years that MELMAC 592 is almost 
unaffected by humidity and temperature 
changes. 


EXCEPTIONAL 


ARC RESISTANCE 


EXCELLENT HEAT RESISTANCE 





LOW WATER ABSORPTION 





HIGH DIELECTRIC STRENGTH 





Military designation MIL-P-14A . 


Like more information on MELMAC 592 in terms of your own product? We'll be glad to help. Just ask us. 


We may be able to help you meet military 
specifications where plastics and resins 
are concerned. What's your problem? 


APRIL 1951 


thermosetting mineral-filled, modified melamine-formaldehyde molding 
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molding compound offers you.. 





too. Just check these properties: 
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AMERICAN Gyanamid COMPANY 


PLASTICS DEPARTMENT 
35 ROCKEFELLER PLAZA, NEW YORK 20, N. Y. 





In Canada North American Cyanamid Limited, Roya! Bank Building, 
Toronto, Ontario, Canada. 
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CUTS COST 25% 





without sacrificing 
passenger comfort 


That multi-tapped channel resistor is a Ward Leonard 
suggestion to reduce the cost of maintaining constant 
voltage for a Diesel train’s auxiliary services over the 
entire speed range. 

Originally, the voltage regulator used 16 multi-tapped 
resistor tubes to give 50 resistance steps. Substituting two 
multi-tapped Ward Leonard channel resistors simplified 
mounting so as to save 25% in overall costs. 

So you don’t have to buy a cheaper resistor to make a 
saving. A better way is to let Ward Leonard do the job for 
less cost, with a quality product and an engineering idea. 

Ship your problem our way. 

WARD LEONARD ELECTRIC CO., 34 South Street, Mount 


Vernon, N. Y. Offices in principal cities of U. S. and 
Canada. 
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ELECTRIC COMPANY 
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Designing an Office-Size 


Electronic Analog Computor 
(Continued from page 99) 





was converted back to direct current by a vacuum-tube 
demodulator. 

So as to provide flexibility in the servo units, all 
electromechanical companents were mounted on Reeves 
slotted mounting plates. This device enables continuous 
adjustment of the position of all elements so that gear 
meshes can be adjusted exactly. Slotted plates have the 
further advantage that components may easily be moved 
about, added, or replaced. Thus, the servo plate is 
an adaptable unit in line with the policy of keeping 
the computer as “general purpose” as possible (a stand- 
ard line of instrumentation parts built around the slotted 
plate has since been commercially manufactured).* 
Using such standard parts, a functional potentiometer 


pe 





Close-up of pre-patch board of analog computer with 


problem patched in. 


may be added by means of which empirical functional 
relationships may be inserted in a problem. 
Continuous Balancing. The next major change in 
the REAC was the development of an all-electronic 
continuous balancing system. It consists of an auxiliary 
balancing amplifier for each of the twenty computing 
amplifiers. This system continually holds the d-c ampli- 
fiers in balance, increasing the overall amplifier gain 
sO as to increase computing accuracy at zero frequency 
to the point where the only effective limitation is com- 
ponent accuracy. In order not to make obsolete early 
model equipments, these auxiliary amplifiers were 
packaged in two chassis of ten each to occupy the space 
formerly used for the balancing servo and amplifier. It 
was then a relatively simple matter to convert to the 
new balancing system and all servo balance computers 


*See “Instrumentation Breadboard,’’ Dec., 1949, ELectricAL Manu- 
FACTURING, Page 119. 
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have since been modified to the electronic balancing | 


system. 

Servo Developments. Considerable work has been 
done to increase the accuracy of the servo unit. In par- 
ticular, the modulation-demodulation process required 


for vector resolution was a source of trouble. At low | 


signal levels appreciable error was introduced by the 
modulator ; at all signal levels the filters (required in the 
demodulator output to convert rectified alternating to 
direct current) limit the system speed of response. 
This problem was minimized by using a 1000-cycle 
modulating signal instead of a 60-cycle voltage. This 
simplified the development of an electronic modulator 


with considerably better low-level accuracy than the | 


mechanical modulator. It also increased the ripple 
frequency at the demodulator output enabling a re- 
duction in the time constant of the demodulator filter 
by a factor of 17. 

In late 1949 the need for a high-speed servo became 
evident. This was required for test work in conjunction 


with part of a system to simulate the remainder of the | 


system and so enable the part to be tested. It should 
be noted at this point that in most problems the time 
base of the REAC is not real time. To limit the fre- 


quency at which the servos are operated, machine time | 


is made slower than real time. For example, if 2 sec 
of computing time correspond to 1 sec in the physical 
problem, all frequencies are halved. This method is 
unsuitable to testing since the part under test responds 
to actual physical conditions on a real time base. To 


step up the servo frequency response, a 400-cycle gen- | 


erator was included in the servo unit and the servo 
drives changed to a 400-cycle system. More powerful 
motors were used so that the gear ratio could be re- 
duced. The resultant increase in synchronous speed and 
decrease in gear ratio changed the allowable input 
rates to the servo from 50 volts per sec to 2000 volts 
per sec. No facilities for resolution are provided in 
this servo since this operation is not normally required 
for the testing application. Both high-speed and normal 
servo units are manufactured. 
Design of Existing Model 

This brings the REAC up to early 1950. At that time, 
several desirable design changes became apparent and 
it was decided to go through a major redesign incor- 
porating these changes and repackaging the units into in 
even more unitized construction. It was decided that 
the errors introduced and the frequency limitations im- 
posed by the modulation-demodulation process for trig- 


onometric resolution were intolerable in view of the | 


increased accuracy of computation which had been ef- 
fected by the continuous balancing system. Work was 
therefore begun on the development of a d-c resolver. 
This project has been brought to a successful conclu- 
sion with a resolver whose accuracy is better than 0.2 
per cent. 

“Patching in” of a problem to a single REAC may 
involve up to a half hour in making and checking con- 
nectors, potentiometer settings and allied matters. When 
several REAC’s are to be used together the time re- 
quired increases at a considerably greater than linear 
ratio. It is desirable then, once a problem has been 
“patched in,” not to have to repeat the procedure. A 
“pre-patch” system has therefore been developed con- 
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CLOSE=—BUT NO 
CHATTERING 





New A-€C voltage-sensitive re= 
lay makes ideal safety device 


Bulletin 401 describes how voltage differential between 
pick-up and drop-out can be set at 10% (5% on special 
order)—without chattering—on Ward Leonard’s new a-c 
magnetic relay. 


Designed for safeguarding single phase a-c motors 
(such as on washing machines, oil burners, etc.) against 
burn-out caused by low voltage, the 401 relay is also ideal 
for a-c lighting and power bus transfer, voltage regulat- 
ing, etc. 

A small saturable reactor, connected in series with the 
relay coil, acts as a variable impedance, varying with 
voltage drop. Since it is the major impedance in the circuit, 
wide current variations through the coil can be obtained 
with small line voltage variations. 


Being a power-type relay, it provides good contact, 
good make-and-break. Write for Bulletin 401. WARD 
LEONARD ELECTRIC CO., 34 South Street, Mount Vernon, 
N. Y. Offices in principal cities of U. S. and Canada. 
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DANO COILS 
Tam em 








Today, with emphasis on uninterrupted produc- 
tion, it’s vitally important to be sure of quality 
materials and parts. Smooth production demands 
it. Dano is ready, as always, to supply you with 
top quality coils made to your exact specifica- 


tions . whether simple electrical windings or 
specially treated coils deeply impregnated with 
wax or varnish and cured in heat controlled ovens. 
To further insure perfect coil performance, Dano 
insists on rigid testing and inspection at all vital 
stages. Keep production running smoothly. Let 
Dano make your coils. 

Send us samples or specifications 

with quantity requirements for our 

recommendations. No obligation! 


e@ Form Wound 
@ Paper Section 


e Bakelite Bobbin 

e Cotton Interweave 

@ Acetate Bobbin e Coils for High Temper- 
@ Molded Coils ature Applications 


ALSO, TRANSFORMERS MADE TO ORDER 


THE DANO ELECTRIC CO. 


93 MAIN ST., WINSTED, CONN. 
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sisting of a male patch-board which is a separate unit 
but plugs into a female patch bay on the computer. The 
problem is more or less permanently patched into this 
patch-board and any time it is to be run the patch-board 
is simply plugged in. Note that a problem is usually 
run many times with systematic variations of the param- 
eters involved, this variation being achieved by chang- 
ing potentiometer settings, t.e., changing the constants. 

The “pre-patch” system has the advantage of making 
the REAC suitable for multiple shift operation. The 
process of running a problem involves the continuous 
attention of the responsible mathematician, it being dif- 
ficult, if not impossible to have one person come in and 


MMI Eee Pee 





Multiplying-servo plate on chassis. Chassis mounts servo 

motor and four 10-turn helical potentiometers. One is a 

servo follow-up and three are multiplying potentiometers. 

Note accommodation (extra wiring, gears and shaft) for 
functional potentiometer. 


take over from another person who then leaves. Too 
many questions come up about details and about the 
state of the problem. The “pre-patch” system simply in- 
volves one group pulling their patch-board out and the 
incoming group plugging their patch-board in, both 
groups working on different problems. The “pre-patch” 
system has the added advantage of permitting the con- 
venient insertion of a test problem whose results may 
be compared with the known solution of the problem 
any time the computer is suspected of “acting up.” An 
appreciable saving in machine time is effected with the 
“pre-patch” system since patching is not done at the 
machine. 

With the advent of the continuous-balancing system 
it became apparent that a new overload system could be 
included which would increase the computing range of 
the amplifiers. The voltage at the plate of the output 
stage of the balancing amplifier changes markedly 1t 
the point where the computing amplifier goes out of its 
linear range. This is the basis of extending the voltage 
range of computation over a considerably wider range 
than the +100 to —100 volt range formerly used. This 
+100 swing was arbitrarily established to make certain 
that the amplifiers stayed within the linear region in the 
absence of any positive indication of nonlinearity ; it was, 
of course, a “safe’’ figure. The new system permits a 
wider swing since it is limited by the actual rather than 
a safe figure. Now overload indications are developed 
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“For high temperature service at low 


varnish Cost. our cuoice sHARVEL 612-€ ” 


Mr. R. Mowery, Chief Engineer of DeWalt Inc., manufacturers of world- 
famous woodworking machines, tells why his company has been using 
Harvel 612-C Insulating Varnish consistently since 1936: 


“We have to have a varnish that stands the high temperatures under 
which our motors must operate. The varnish must retain adequate 
flexibility to prevent cracking under severe service conditions. Thin- 

ning solvents used for the varnish must not affect the motor insulation. 
Harvel 612-C is absolutely the best varnish we can buy at the price 


to meet these requirements. Any other varnish that will do the job 
would cost us twice as much.” 


Harvel 612-C is one of the Irvington internal curing varnishes widely 
used by makers of motors and other electrical equipment because — 


They cure throughout by polymerization—no risk of softening or 
throwing out at high speeds and temperatures. They cure fast to form 
firm, tough coatings of high strength. They are stable in storage— 
stable in service, Get the full story on the advantages of this group of 
Harvel Varnishes—just mail the coupon below. 


©0088 OOO SOOO OS OS OS OOHSSOOOOS808OS 


Irvington Varnish & Insulator Co. EM-4/51 


Send this convenient coupon now 6A Argyle Terrace, Irvington 11, n: 3. 


| 
of ! ee snd your bulletin on Harvel Internal Curing Insu- 
Irwi ngton | = 
| , | , 

VARNISH & INSULATOR = COMPANY boi title cosines eate Baaeae 
6 Argyle Terrace, Irvington 11, New Jersey 
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TO 


INCREASE VOLTAGE 


DECREASE VOLTAGE 


a 
STABILIZE VOLTAGE 


REGULATE VOLTAGE 


SEND... 

«YOUR PROBLEM 
to TRANSFORMER 
HEADQUARTERS 


ACME ELECTRIC CORPORATION 
354 WATER ST. CUBA, N. Y. 


Acme Electric manufactures Luminous Tube Transformers — Fluores- 
cent Lamp Ballasts — Cold Cathode Lighting Transformers and 
Ballasts — Radio and Television Transformers — Electronic Transfor- 
mers — Door Bell, Chime and Signalling Transformers — Oil Burner 
Ignition Transformers — Safety Transformers — Voltage Regulating 
Transformers — Stepdown Transformers — Control Transformers — 
Warp-stop Transformers — Air Cooled Power Transformers. 
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from the plate of the balancing amplifiers. This, in- 
cidentally, has involved considerable simplification over 
the old overload system. 

In the interest of “unitization,” the 20 computing 
amplifiers were made identical with the elements that 
determine their function (summation, integration or in- 
version) mounted in the cabinet. The balancing ampli- 
fers were removed from their separate chassis and each 
amplifier mounted on the same chassis as the particular 
computing amplifier with which it is used. 

This is the state of development in which the REAC 
now exists. All of the primary design problems have 
been solved and the computer accuracy is now only a 
function of the accuracy of the computing components. 
It is, however, never safe to say that a development is 
complete ; if and when changes which will increase the 
power and utility of the REAC become apparent, these 
changes will be incorporated into the unit. OOO 





Military Specifications 


Controlling Plastics Dielectrics 
(Continued from page 104) 





sorship of the Bureau of Ships and the Laminated 
Products Section of the National Electrical Manufac- 
turers Association (NEMA). The program was fi- 
nanced by the Bureau of Ships, while the laminators 
furnished without charge the considerable quantities 
of materials required. Test equipment was purchased 
and installed by the laminators. Extent of the program 
can be judged by the fact that it required three years 
to complete and that 81 grades of materials were tested 
in a series of thicknesses ranging from 


fu 


%4" to % 
As a result of three voluminous reports (13), the 
necessary data were obtained on which to base the 
specifications. These are unique in that qualification 
tests may be performed at the manufacturer’s plant 
or at Johns Hopkins University under the supervision 
of the Inspector of Naval Material, thus eliminating 
the necessity of employing government test facilities. 
Each year, periodic control tests are performed as a 
basis for maintaining or withdrawing qualification. On 
each lot submitted under contract actual physical and 
electrical tests are performed, a feature that was not 
possible prior to the test program. This permits a 
much more satisfactory lot-acceptance procedure. 

Most outstanding feature of the program was its 
basic objective— to develop both military specifications 
and industry (NEMA) standards which would be 
equivalent as to the level of performance requirements, 
thus permitting the same materials to be used in mil- 
itary and commercial applications. A study of the 
military specifications will show that a general increase 
in the specified levels of quality resulted from the pro- 
gram.» Thus both the Armed Services and industry 
benefited enormously from the program. 

Also outstanding in the specifications are tables of 
engineering information which list property values ob- 
tainable in a given type of material, and which serve 
as a guide in the choice of materials for various ap- 
plications. 

Silicone Coil and Slot Insulations and Treated Sleev- 
ing. Military requirements call for lightweight, com- 
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There may be several parts you are now using 
that Townsend can produce for you by cold- 
heading at substantial savings just as we did 
for a mid-west washing machine manufacturer. 
Originally the wringer spring rod shown above 
cost them $33.40 per thousand. Then a Townsend 
engineer suggested a change in design which 
eliminated one complete step in the manufac- 
turing operation. This simple change reduced 
the cost to $20.95 per thousand—a clear savings 
of $12.45 per thousand. On an annual basis they 
save more than $12,000 on this part alone. 


Savings like this are not unusual with 
Townsend customers—this is a typical example 


Townsend 





Saves Customer $12,000 
In One Year With This 
Cold Headed Part 


—some manufacturers save even more. Such 
economy is a reflection of the size and experience 
of the Townsend organization and demonstrates 
the possibilities for savings even on simple items. 


Townsend makes 60 million items every work- 
ing day by cold-heading and extruding—then 
they may be pointed, machined, drilled, slotted, 
trimmed, threaded, pierced, knurled, bent, or 
flattened. We make parts of carbon steel, alloy 
steels, bronze, copper, monel and aluminum. 
These are supplied in a variety of platings and 
finishes. If you want to learn more about the 
economy of cold-heading by Townsend ask to 
have one of our engineers call. 


ownsend 





COMPANY ° ESTABLISHED 1816 


Plants—New Brighton, Pa. - Chicago 38, Ill. 


Division Sales Offices—Philadelphia, Detroit, Chicago 


Sales Offices in Principal Cities 
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Koiled Kords 


CARO 


PAUTO Secmnauc WASH | 





Jetomatic, Inc., Ansonia, Conn., recently introduced 
a fully automatic washer for automobiles. The 
spray frame moves back and forth over the car on 
22 foot tracks. The whirling spray under 125 pounds 
of pressure, first uses clear water, next a soap 
solution then finally gives the car a clear rinse 
all in five minutes. 


Koiled Kords are used to deliver power and avoid 
tangling, dangling wires as the spray frame travels 
on its tracks. Koiled Kords extend four to five times 
their koiled length according to their construction, 
and always retract to their original shape and 
size. The tough neoprene jacket is impervious to 
moisture in any form and resists the damaging 
effects of grease, oil, acids, sunlight and other sub- 
stances and conditions that quickly hurt rubber cords. 


On any electrically operated equipment that 
moves, use Koiled Kords. 


HOW WOULD YOU USE 
KOILED KORDS 


For a sample of Koiled Kord simply 
write for it on your business stationery. = 


Koiled AC 





ITVS TSA 


BOX K, NEW HAVEN 14, CONN. 








pact, and more reliable electric equipment. The thermal 
endurance of electrical insulation has long been a 
serious limitation to attainment of these objectives in 
the design of electrical machinery. Introduction of 
silicone resins and promised to overcome 
many of these limitations by a significant increase in 
permissible operating temperatures. 

At the request of the Bureau of Ships a compre- 
hensive motor test program was undertaken by three 
motor manufacturers working closely with silicone 
manufacturers and the bureau. In this program sili- 
cone-insulated motors were compared with Class B 
motors under conditions approximating actual ship- 
board operation. Motors were run under repeated 
cycles of high temperature followed by humidification. 
(14) Results of these “use” tests to date indicate 
about a 100-C temperature advantage for silicone 
Class H insulation compared with Class B insulation. 
(15, 16) 

Silicone insulation (Class H) is now being used by 
the Navy for such applications as generators, motors, 
transformers, arc welders, control equipment coils, and 
motor-generator sets, and are proving very satisfactory 
in service. 


varnishes 


There are many forms in which silicone insulations 
are used in a Class H motor: Silicone-glass laminates 
for slot wedges and slot fillers, armature end caps, 
commutator lead washers, and coil separators ; silicone- 
glass cloths and tapes for phase insulation, coil-form 
insulation, and as ground insulation on the slot sec- 
tions of preformed coils, splice insulations, wrapping 
tapes; silicone mica-fiberglass sheets and tapes for 


slot-liners and cross-over insulation;  silicone-glass 
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2 4 16 
Aging, days at 250C 


Fig. 3—Dielectric breakdown of silicone-varnished glass- 

fiber cloth after aging and bending around an -in. 

mandrel. Note improved characteristics of materials ‘*C” 

and “B” owing to use of better varnishes. All test speci- 
mens are 7-mil thick. 


sleeving and silicone-glass insulated wires; silicone- 
glass insulated magnet wire; silicone lubricants; and 
silicone impregnating varnish. 

Since it is not possible to cover all of these insula- 
tions adequately in this paper and since such items 
as silicone-glass laminates, silicone molding compounds, 
silicone magnet wire and silicone varnish and _ lubri- 
cants have been discussed at length in other articles 
and reports, (4-8, incl., 11-17, incl.) only the silicone- 
glass cloths and tapes, the silicone mica-fiberglass 
sheets and tapes, and the silicone-glass treated sleeve- 
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Whatever your needs in speeds and performance ratings for electric 
motors from 6 to 120 volt, d.c., and from 1/100 to 6 h.p., you can get 
them from Pesco more quickly and economically because of Pesco’s 
engineering development of six co-ordinated frame sizes. 

The result of years of experimental engineering research to pro- 
duce a series of electric motors that would compliment Pesco’s 
precision built hydraulic, fuel and vacuum accessories, these electric 
motors are suitable for a wide variety of special applications in 
aircraft and industry. 

Pesco’s unique method of using standardized parts means greater 
interchangeability, simplifies spare parts stocks, eliminates duplica- 
tion of parts and minimizes service requirements. 

Write today and tell us what your requirements are. We will 
tell you promptly how Pesco custom-built electric motors, from 
standard parts, will meet those requirements most economically. 
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Specify 


You can be sure your designs will work 
out well in production when you de- 
pend on ‘‘Simpson accuracy and de- 
pendability." For behind every Simpson 
instrument—whether panel or portable, 
custom-built or stock—is a world-wide 
reputation for quality. Let Simpson en- 
gineers help you solve your instrument 
problems — and for your standard in- 
strument requirements take advantage 
of our large stock. 


Mail coupon below 


for your FREE 
Simpson Catalog 


SIMPSON ELECTRIC COMPANY 
1 5200 W. Kinzie, Chicago 44 + CO 1-1221 
Please send me Simpson Catalog No. 16 
showing complete line of Simpson Elec- 
trical Instruments and Test Equipment 
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ings will be reviewed in detail. 

Specification 17-I-45 covers the requirements for 
silicone fiber-glass cloths and tapes. In this specifica- 
tion the effect of humidity is controlled by dielectric 
strength tests conducted on samples subjected to 96 
per cent RH for 96 hr, whereas heat resistance is 
controlled by bending around mandrels after aging at 
elevated temperatures. The Navy is actively participat- 
ing with industry through ASTM Committee D-9 to 
develop more suitable methods for evaluating heat 
resistance. The approaches are two—evaluation of 
dielectric strength and power factor at 180 C after 5 
or 10 min at 180 C to control initial heat resistance, 
and dielectric strength measured at room temperature 
after extended aging at elevated temperatures. Tests 
conducted by various industrial concerns and by the 
Material Laboratory, New York Naval Shipyard in- 
dicate that the use of newer and better silicone 
varnishes has greatly improved the heat resistance of 
these materials. For example, materials are now avail- 
able which will not be adversely affected in dielectric 
strength after long periods of aging at 250 C followed 
by bending. (See Fig. 3). 

Specification 17-I-62, which covers silicone mica- 
fiberglass sheets and tapes, and MIL-I-3190, which 
covers the requirements for silicone-fiberglass treated 
sleeving, were developed through similar coordination 
with industry. Here again heat resistance and moisture 
resistance were paramount needs and there were no 
general industrial standards available. 

Silicone insulations are being stocked by the Navy 
for repair purposes in a program to replace Class A 
and Class B insulations with Class H insulations where 
failures due to heat or moisture are occurring and as 
the equipment is overhauled. In this connection an 
instruction manual is being prepared which will list 
the stock materials available, and which will describe 
the methods to be followed by Navy personnel in 
installing the new silicone materials in the equipment 
in the overhaul program, as well as covering the 
conventional Class A and B materials and the methods 
of application. ooo 
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may see 2m 
in the dark 4% 


Built by the Electric Specialty 
Company, Stamford, Conn., 

this motor generator set* is 
used to power radar equipment, 
furnishing a constant supply of alternat- 

ing current for ships normally equipped with direct current. An auto- 
matic speed regulator holds the frequency and voltage constant with 

a large variation in the direct current supply. 


Every part is precision built—with ssf Bearings used to minimize 
friction. 










sscsP Ball and Roller Bearings are preferred by leading manufacturers 
of electrical equipment. They, like all industry, have learned through 
experience that StF can help put the right bearing in the right place — 
bearings of uniform dependability. 7233 
*For details on this motor generator unit and 


ETRY Er eee e other electrical equipment, write Electrical 
Specialty Co., Stamford, Conn 
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desk with your own designers — ready to work 


out the toughest motor problem. 


Applying 
Magnetic Amplifiers II 


Peerless Electric motor engineering, noted for 


dependability and versatility since 1893, is as 


(Continued from page 117) 


progressive as the modern age, and now, more 


than ever, available as the motor department of the two-reactor construction were employed, the volt- 


. © > . °°“ . 2 > vn . y ,, a 
your business. | age induced in the control winding would be: 


66 
— x 1000 = 940 volts 


THE PEERLESS ELECTRIC CO., WARREN, OHIO | 70 
Manvtacturers of Quality Motors Since 1893 | In larger reactors, there would be fewer output winding 


Single Phase - Polyphase - Direct Current - 4 to 15 H.P. turns and the induced voltages would be higher. Since 
| this condition does not exist in 3- and 4-legged reactors, 
few saturable reactors are manufactured in the two- 
| reactor style, except in very small sizes. 
2. Output winding turns: The upper limit of practical 
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THE accuracy with which the ends of your springs This is just one of many reasons why Accurate 
are finished—whether they are looped, hooked, service saves you money in the long run. We'll be 
ground or what have you—can be of vital importance happy to discuss what we can do for you. Write or 
to the assembly and/or operation of your product. phone today. 

Carelessness, poor design or use of improper equip- 
ment in this vital part of spring manufacture can add 
many dollars to the ultimate cost of your springs. 


ACCURATE SPRING MFG. CO. 


_ Here at Accurate, skilled springmakers know the 3817 W. Lake Street 
importance of accuracy in finishing ends . . . we have Chicago 24, Illinois 

the most modern equipment to do the job right and 
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spring engineers can often recommend modifications revised Accurate Handbook of Technical 
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Aolds! Ezects! Mounts! 
Alden Noiseless Fuseholder 


Wherever you need a quality 

fuseholder to hold fuse tight, 

eject burned out fuse and fit 

into standard assembly tech- 

niques, it’s the Alden 440FH 

Series Noiseless Fuseholders. 

Eyelets, rivets or spot welds 

to chassis using same tools 

as other components. Over- 

comes UL objections to fuse- 

holders that loosen when held 

by nuts or friction fasteners. Positive 
U-shaped contacts assure noiseless fused 
circuits. Safety features assure trouble- 
free performance. 


Arc slot in cap takes coin or screw 
driver for quick and easy replacement 
of fuse. 


Internal split ferrule automatically opens 
and reengages threads on knob at 3 in. 
lb. turning force—assures controlled con- 
tact pressure—no fuse breakage. 


Ejector spring facilitates fuse removal— 
prevents rattle — assures even contact 
pressure with fuse length variations. 


New! Developed on a government minia- 
turization contract, Indicator Fuseholder 
440-3FH spots fuse that has blown. .. . 
Neon indicating bulb glows showing 
burned out fuse. 


Contacts are U shaped to 
allow easy removal of fase 
if it breaks from heat of 
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Simplify the Identification of 
WIRES, PARTS and ASSEMBLIES 


Speed production and assembly of electrical products 
with self-sticking Brady QUIK-LABEL Wire Markers. 
Choose from more than 1000 different stock labels. 
Eliminate stocking of colored wire. 

Special Markers made to your specifications to iden- 
tify coils, circuits, controls; mark serial 
and parts numbers; speed inspection... 
thousands of uses. 

Brady QUIK-LABELS come on cards, 
pre-cut and ready to use. Stick instantly 
without moistening. Cost is low, time 
and labor savings are high. 

DISTRIBUTORS IN OVER 125 PRINCIPAL CITIES 


Tne wns | MANUFACTURERS OF SELF-STICKING PRODUCTS 


1615 E. SPRING STREET, CHIPPEWA FALLS, WIS. 


saturable reactor ratings is approached when the number 
of output winding turns becomes very small. Because 
parallel-connected reactors operate at full line voltage 
rather than half line voltage, they are preferred for the 


SERIES -CONNE CTEO 
OUTPUT WINDINGS 


WS 
(a) 
WITH SEPARATE CONTROL COILS 


(o) (€) 
WITH COMMON CONTROL COIL 


PARALLEL -CONNECTED 
OUTPUT WINDINGS 


COMMON 
OUTPUT WINDINGS 


(c) 


Fig. 24—Basic two-reactor saturable reactor circuits. 


larger ratings. The parallel connection also reduces the 
even harmonic currents in the control windings. 

3. Leakage flux: In saturable reactors of large size, 
the four-legged style is preferable because it has less 
leakage flux. This can be visualized by referring to 4 
and C in Fig. 25. At full load, the a-c coil of the three- 
legged reactor A exerts a considerable magnetomotive 
force on the external air paths. This leakage flux can 
cause serious local overheating of the mounting brackets 
and studs and the enclosure. In the four-legged reactor, 
the magnetomotive force of the a-c coils is balanced for 
the most part by the magnetomotive force of the adja- 
cent d-c coil and leakage flux is shunted by the outside 
leg, resulting in considerably less leakage. 

4. Response time: The transient response of the series- 


PARALLEL~ CONNECTED 
OUTPUT WINDINGS 


SERIES ~ CONNECTED 
OUTPUT WINDINGS 


3 my Me NM THREE - LEGGED 


FOUR-LEGGED 


Fig. 25—Fundamental three-legged and _ four-legged 


saturable reactor circuits. 


connected reactor is substantially faster than that of the 


parallel-connected reactor. Transient response is of im- 


portance in saturable reactors of moderate rating. 

5. Circuit protection: Extremely large amounts of en- 
ergy can be stored in the control winding of a saturable 
reactor. Generally, in units where the size and the 
amount of stored energy justify it, the circuit is pro- 
tected from abrupt interruption by means of a non- 
linear discharge resistor of the silicon-carbide type per- 
manently connected across the control coil. If the paral- 
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and proof is clear on a million TV screens 
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@ “Riding” the neck of the modern 
cathode-ray TV picture tube is a de- 
flecting yoke . . . deflecting coils and 
magnetic core...which guides the 
electron stream that is transformed in- 
to glowing video pictures on the screen 
face of the tube. 

The yoke is the extremely critical 
component that determines the uni- 
form brightness of the picture, its sym- 
metry, and freedom from exaggeration 


Our monthly ‘Durez Plastics News’’ will 
keep you abreast .of industry’s uses of 
Durez. Write, on office letterhead, to 
Durez Plastics & Chemicals, Inc., 1304 
Walck Road, North Tonawanda, N. Y. 
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ONE RIM OF SPOOL serves as terminal 
board for 8 terminals, and supports small 
resistors and capacitors. Molded-in inter- 
locking projections facilitate assembly of 
the 2-piece spools. The use of molded 
half-spools made’ it possible to replace 
approximately eight parts formerly used. 


EIGHT HALF-SPOOLS of Durez phenolic 
per “shot” are produced by custom 
molder. These meet rigid requirements 
including very thin walls, dimensional 
exactness, freedom from warping, high 
insulating value, and resistance to heat. 


F pays fo use your 
custom molder’ss know-how 





PROJECT: Deflecting yoke spool 
for TV picture tubes 


CUSTOMER: RCA Victor Division, 
Radio Corporation of America 

MOLDER: Shaw Insulator Co. 
MATERIAL: Durez black 


general - purpose 
phenolic plastic 





and distortion. Its elements must be 
supported in an exact relationship, and 
insulated to withstand high voltage. 
This is the job of the spool molded 
of Durez phenolic plastic . . . another 
example of the custom molder’s know- 
how in meeting severe requirements 
with parts that simplify assembly. Sup- 
planting a stapled cardboard assembly, 
the molded Durez spools have con- 
tributed to the dramatic growth of the 
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television industry by making possible 
a distinct improvement in a vital com- 
ponent in more than a million sets. 

Your custom molder’s know-how, 
plus the famous versatility of Durez 
phenolics, is a hard-to-beat team when 
you want the best value you can get 
for your plastics dollar. 

Ready with skilled counsel is your 
Durez technician, backed by over 25 
years of specialized experience. 
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" than any other screw. The spline 
recess turns internal wrenching 
force into rotary motion, not expand- 
ing pressure. Hence, no bursting, no 
rounding out of the socket walls— 
even in the smallest sizes (down to 
No. 0 wire). Holding power is 
maximum... yet a reverse flick of 
the wrench loosens the set— 

with no spoiled screws. 


Multiple -Spline and Hex Socket Screws. ..Cap and Set 


SEND COUPON FOR FREE SAMPLES—also helpful bulletins on de- 


signing compact, tight assemblies 


Tue Bristot ComPANY 
Mill Supply Division 
153 Bristol Road, Waterbury 20, Conn. 
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Screw and bulletins showing applications to: 
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lel-connected reactor is used, the output windings form 
an effective short-circuit to the d-c flux transient and 
considerably reduce the stored energy, making it prac- 
tical to use a fixed resistor across the coil. For this rea- 
son, where transient response is not a factor, the parallel 
connection is often chosen. 


Ideal Performance Charted 

Certain general performance characteristics of satur- 
able reactors follow directly from their mode of opera- 
tion. These characteristics are summarized in Fig. 26. 
In order to simplify the results, conditions have been 
idealized by assuming core material whose saturated 
reactance is small and unsaturated reactance is large 
compared with the load resistance. Total control cir- 
cuit resistance FR, includes the resistance of both the 
contro] coil and the external circuit. Total load circuit 
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Power gain 
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Power gain** 
(RMS output) 





Max mum (rectified ave: rage 
output voltage 





Maximum oviput current 


* Does not include residual delay 
** KF =form factor of output curreri#t 


Fig. 26—Ideal characteristics of saturable reactors in 
the proportional region of operation. 


resistance /?;, includes both the actual load resistance 
and the resistance of the ouput windings of the reactor. 
The output current /;, is given in terms of its average 
value. To convert to rms values, refer to Fig. 13 in the 
earlier article. The table applies to the proportional re- 
gion only, and does not hold when the output current 
is either low (exciting current region) or high (satura- 
tion region). It applies equally to the cases of low or 
high control circuit impedances, where the principal dif- 
ferences are output wave shape. The form ‘factors in 
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The Fountainhead of Modern Tube Development is RCA 


eee fo conserve critical materials 


RCA engineering has once again taken 
the lead by developing an improved 
method of electrostatic focusing that 
offers the television industry important 
Savings in critical materials. Incorporat- 
ing this new RCA development are three 
new rectangular picture tubes that re- 
quire no focusing coil or focusing mag- 
net. The tubes provide high-quality 
Pictures on a par with those obtained 
from kinescopes employing electromag- 
netic focus. 


Featuring electrostatic focusing, the RCA 
types 14GP4, 17GP4, and 20GP4 use an 


electron gun of improved design that pro- 
vides good uniformity of focus over the 
entire picture area. Furthermore, focus is 
maintained automatically with variation in 
line voltage and with adjustment of pic- 
ture brightness. Need for alignment of a 
focusing magnet is eliminated and, there- 
fore, tube installation and adjustment for 
optimum performance are simplified. 


Because the electron gun is designed so 
that the focusing electrode takes negligible 
current, the voltage for the focusing elec- 
trode can be provided easily and econom- 
ically. In other respects, the RCA 14GP4, 
17GP4, and 20GP4 are similar to magnet- 


ically focused types—the 14EP4, 17CP4, and 
20CP4. 


RCA Application Engineers are ready to 
co-operate with you in adapting the 14GP4, 
17GP4, 20GP4 and associated components 
to your present designs. For further infor- 
mation, write RCA, Commercial Engineer- 
ing, Section 41DR, Harrison, N. J. 


Austhar ‘ RCA-developed component 


Anew Horizontal-Deflection-Output and High- 
Voltage Transformer designed particularly for 
use with the new electrostatic-focus picture 
tubes will be available shortly. 


(FP) RADIO CORPORATION of AMERICA 


ey ELECTRON TUBES 


HARRISON, MH. J. 
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work with. 


In striving to fill this difficult order, it’s always profit- 
able to remember that quality Aetna bearings do for a 
machine what salt and pepper does for a meal—CON- 
TRIBUTE MORE TOWARD ITS SUCCESS, AT LESS 


COST, THAN MOST ANY OTHER FACTOR. 


That’s why engineers are rapidly turning to Aetna 
bearings as an easy, low-cost approach to substantial prod- 
uct improvement. Chances are, you too can benefit by letting 
Aetna engineers institute a ‘‘search for savings’’ analysis of 
your present products or those in the blue-print stage. You'll 
find their work painstaking and practical with one thought 
in mind—betterment of your products within your manu- 


facturing cost limitations. 


Tomorrow’s unpredictable conditions demand that 
> today’s new machines be, dollar-for-dollar, the most effi- 
' cient, most durable ever made. And . . Aetna stands ready 


to help you in that endeavor. 
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When you stop to think of it there are two opposed 
objectives in almost every designing job: product 
improvement with little or no increase in cost. It’s a tough 
assignment that leaves only pennies and ingenuity to 


ETNA BALL AND ROLLER BEARING COMPANY 
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Fig. 13 do not apply for a parallel-connected reactor 
with low load resistance or a series connection with high 
control resistance. For practical considerations, such as 
the outputs at which exciting current or saturation con- 
ditions exist, the effect of other than resistive loads, and 
characteristics with practical core materials, refer to the 
preceding article. 

Items 1-5 follow directly from the discussion of the 
mode of operation given earlier. Item 6, the time con- 
stant, or response time of the reactor can be obtained 
from the current relation simply by dividing the 
control circuit inductance by the total control circuit 
resistance. The inductance is determined by the change 
in control winding average flux linkages per ampere of 
control current. The change of flux linkages can be ob- 
tained from that of output voltage, which is related to a 
given change of control current by the ampere-turn 
balance relation. The resulting time constant is of the 
control winding alone. To this must be added the 
residual delay in the output windings, which is about 
one cycle of the supply frequency in normal series-con- 
nected reactor designs. In the parallel-connected reactor, 
the a-c windings virtually short the d-c flux transient, 
and their resistance must be considered in computing the 
response time, as shown in Fig 26. 


Form Factor Depends on Wave Shape 


Items 7 through 9 follow directly from the equal 
ampere-turns principle fundamental to the mode of 
operation. Item 10, the form factor, depends on the 
output wave shape, and will be a function of the rela- 
tive output and the control circuit impedance (see Fig. 
13). 

With the series connection and high control circuit 
impedance, the output approaches a square wave in the 
proportional region and thus has a form factor of 1.0. As 
the output is increased toward the fully saturated re- 
gion, the wave form will approach a sinusoid, and the 
output will have a form factor approaching 1.1. With 
the series connection and low control resistance or with 
the parallel connection and normal values of load re- 
sistance, the output waveforms are as shown in Fig. 
16, in which the load voltage is zero before firing oc- 
curs and equal to full line voltage after firing. Consid- 
eration of these waveforms will show that the ratio 
of rms to average output depends on the angle at which 
firing occurs. In the saturated region, when the reactor 
fires at zero degrees, the full supply voltage appears 
on the load resistance, and the form factor approaches 
1.1. As the angle of firing is retarded and output di- 
minishes, the form factor becomes greater, until the 
exciting current region is reached. Here the waveform 
of the latter determines the form factor, which usually 
has a value of approximately 1.3. With the parallel 
connection and low values of load resistance, such as 
are used in parallel-connected metering circuits, the 
output waveform is a narrow pulse whose form de- 
pends on the supply voltage, the saturated reactance of 
the reactor, and the ratio of the load voltage to the 
supply voltage. With hot-rolled silicon steel cores the 
form factor may have a typical minimum value of about 
1.4. With improved core materials, the width of the 
pulse becomes less and the aimplitude greater, with the 
result that the form factor may become quite large in 
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GENERATOR SETS 


(to 20 KW) 
High Frequency (to 12000 cy) 
400 Cycle 
Frequency Changers 
Phase Convertors 
Low Voltage DC 
High Voltage DC (2500 V) 
DC to DC; AC to AC 
AC to DC; DC to AC 
High to Low Frequency 
Low to High Frequency 
Telephone Ringing 
Moving Picture 


GENERATORS 


(to 20 KW) 


ALTERNATING CURRENT 
Single Phase 
Polyphase 
Standard Frequency 
High Frequency 
Inductor Alternators 
Permanent Magnet 


DIRECT CURRENT 
Low Voltage 


Plating 
High Voltage 








CONVERTORS 


(to 20 KW) 
Phase Convertors 
Frequency Convertors 


DYNAMOTORS 


DC to AC 
DC to DC 





(to 30 H.P.) 


ALTERNATING CURRENT 
Squirrel Cage Induction 
Wound Rotor Induction 

Synchronous 
Single Phase 
Polyphase 
Standard Frequencies 
High Frequencies 
DIRECT CURRENT 
Series 
Shunt 
Compound 
High Voltage 
Standard Voltage 
Low Voltage 
SPECIAL APPLICATIONS 
Torque Motors 
Brake Motors 
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YOU CAN BET YOUR LIFE 


OR aTee 





You yourself have probably made this bet already! 


... And while you are reading this, countless American 
lives and thousands of tons of goods are being safe- 
guarded by made-to-order Esco electric power units. 


Did you know that specially designed Esco generators 
supply the power for many installations of train con- 
trol (the life-saving equipment that automatically stops 
a train if the engineer does not act in time of danger ) ? 


Did you know a man in the caboose of a long freight 
train can telephone the engineer if something goes 
wrong? Many of these radio-phone systems are power- 
ed by Esco generators . . . specifically designed to 
supply never-failing power to meet any emergency. 
Esco generators also furnish the power that carries 
your voice when you make a telephone call from the 
booth on a speeding express. 


When the safety of lives and property hang in the 
balance, you can depend on Esco power units specific- 
ally designed to do a particular job. 


If you also value the reputation of your product, why 
not ask Esco engineers to provide a made-to-order unit 
that will increase the dependability, add to the life, and 
better the performance of that product? Write us today. 


SPECIALTY <. 


STAMFORD, CONN. 
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HERES A QUALITY RELAY 


That Meets Exacting Requirements 


THIS LIGHTWEIGHT, COMPACT RELAY CAN HANDLE POWER 
LOADS USUALLY DEMANDING LARGER, HEAVIER UNITS 


Tiny ... but powerful! This general-purpose relay meets rigid 
aircraft requirements, and also has wide industrial application. 
Coils are normally rated at 2.5 watts d.c., or 3 watts, 60 cycle 
a.c., for voltages up to 230 volts d.c. or 440 volts a.c. Maximum 
standard contact combination, double -pole double - throw 
others on request. Contact rating, 15 
amps—at 115 volts a.c. non-inductive 
or 32 volts d.c. Weight, 4 oz. Size, 

1-7/8" high, 1-5/8" wide, 1-13 /32” deep. 


WRITE FOR 


FURTHER INFORMATION ALSO HERMETICALLY 


SEALED TYPES 


American Relay & Controls, Inc. 
4919 W. Flournoy St., Chicago 44, Ill. 


Selosyn 
THE name for Synchros 


nae ONLY ty... 
FORD 


Generators and Motors for 
transmitting angular positions. 


Control Transformers for voltage 
indication and servo control. 


Differential Generators and Motors 
for addition and subtraction. 


FIND OUT ABOUT FORD TELESYNS-WRITE FOR CATALOG 
FORD INSTRUMENT COMPANY 


Division of The Sperry Corporation 
31-10 Thomson Avenue 


Long Island City 1, N. Y. 


value. Such designs are used as generators of very 
sharp pulses for certain applications, they are not used 
as a power amplifier, because of the reduced power 
output when the load resistance is small. 

Items 11 and 12 deal with the ideal saturation limit 
of output voltage and current. The practical limits of 
saturation output depend on effects discussed in Part I. 

Oe 
(Operating characteristics of saturable reactors with 
feedback in the proportional region and of self-saturating 
magnetic amplifiers will be discussed by the same authors 

in a later article.) 


More Power Out of the 


Same Motor Frame Size 
(Continued from page 107) 


for motors in operation, the placing of larger copper 
strap in the field coils and yet keeping the overall size 
interchangeable with the old is good business because 
something extra is being given the customer. The new 
fields can be substituted for the old since the new fields, 
with their larger copper strap, will safely take the extra 
load placed on them due to the slight reduction of 
flux density. 

Acknowledgement is hereby given to A. F. Puchstein, 
consulting engineer, Jeffrey Manufacturing Company, 
for his time and constructive criticism given during 
the running of these tests. OOO 


For other aspects of the same general problem of pack- 
ing more electric power into less space, the reader is 
referred to the article “How Small Can a Motor Get?” 
by R. S. Elberty, appearing in ELEcTRICAL MANUFACTUR- 
ING, January 1950. (Reprint available. Check 109 on 
postcard, page 189.) 


Pressure-Sensitive 


Electrical Tapes 
(Continued from page 131) 


Fig. 2 illustrates the assembly of the cut-edge ap- 
paratus. Essential parts of the apparatus are the poly- 
styrene strips 3¢ in. wide and 4 in. long with notches 
3g in. apart and ¢% in. deep on the narrow side. The 
strips are laid down with the notches in line and 4%-in. 
strips of tape are applied over the notches. The tapes 
are then cut with a razor blade as shown in the illustra- 
tion. When materials tested have no adhesive, a nar- 
row strip of noncorrosive tape is applied crosswise on 
the strips of material before cutting so that the pieces 
are held to the polystyrene strip. 

The polystyrene strips are then assembled as shown 
at the right of Fig. 2 with polystyrene plates at the 
ends for holding the wires. As a result, the notches 
on the polystyrene strips are placed in line. To allow 
proper conditioning of the tape, small washers are 
placed between the polystyrene strips. A razor blade 
is drawn through the notches in a downward direction 
so that the ends of the pieces of tape have notches cor- 
responding to the notches in the polystyrene strip. 
3are copper wire #32 is put on the assembly as shown 
so that it makes a good contact in the notch of each 


ELECTRICAL MANUFACTURING 





TA 


“STANDARDS’ 


“Standards” keep you in the BLACK 
Toot crip fess < 
sates. 


Od 

ROK 

S858 OD 
o 


~ 
59 









aa aw, 
» 


OO 


a 






f 
(— 


Standard design : Standard (fast) production with Standard (or higher) 
and purchase Stondard tools “standards” from stock profits 





x oe i ae’. 






Specials” put you in the RED 








Special drawings Special purchase Special (delayed) Special stock 
delivery 


uT> 
ust ° 
WERE 
WiTy THAT 





eo% 
Res c2> f G 
oy 
>, 


Special tools Special production Special bookkeeping Special costs (higher) Special profits (lower) 
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Knurled Flat Head Knurled Knurled Fully-Formed _ Precision 
Socket Head Socket Cap PointSocket Socket Head Pressure Plug Ground 
Cap Screw Screw Set Screw Shoulder Screw Dowel Pin 


STANDARD recommends “Standards” 
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ANCHORED-FOR-PERMANENCY 


STRAIN RELIEFS 


Wherever exterior cables or cord conductors are used to 
provide the power source, Gripmaster Strain Reliefs 
offer positive proof against cable failure. These inex- 
pensive, easy to install safeguards securely anchor the 
cord at entry point and prevent loosening at the termi- 
nals. Withstand pulls to 100 Ibs.; Underwriters accepted. 


3 types, many sizes, to fit any cord or cable connection. 


GRIPMASTER ALL-METAL TYPE 


A low cost strain relief easily ap- 
plied to the end of a cable or con- 
ductor with a pair of special pliers. 
Made in one piece and available 
in five sizes. Sturdy wing end con- 
struction permits cable to be firmly 
anchored and protects terminals 
against loosening. 


GRIPMASTER CLICKON TYPE 


All fibre, this type is designed to re- 
duce failures and protect the useful 
life of power cables and cords on 
electrical appliances and machines. 
Clicks on, locks in position. Tight grip 
absorbs cord pull and prevents un- 
ravelling of insulation. 7 sizes. 


GRIPMASTER INSULATED TYPE 


For all types of cord equipped elec- 
trical equipment. Particularly suited 
to volume production. May be ap- 
plied by means of a special hand 
tool or foot pedal—operation 
bench unit. Forms a neat, compact 
ring around cable. Available in 7 
different sizes. 


be 


WIRE BINDING SLEEVES 


For prevention of fraying of 
cord ends. Specially treated 
rubber tubes available in 
five sizes to fit wires to .790 


aed WALKER COMPANY 


F GRIPMASTER STRAIN RELIEF 


tSiT Tee PASSAIC NEW JERSEY 


AVENUE 


piece of tape. A similar wire is applied to the other 
side of the assembly to serve as the opposing electrode. 
Thus in the finished assembly each piece of tape makes 
one contact with a positive wire and one with a nega- 
tive wire. If one contact is not good, it does not affect 


_ the corrosion process on other pieces along the same 


wire. 

Two tapes are usually tested on one frame and four 
results for each tape are thus obtained. Loss in tensile 
strength of the positive wire was measured and the 


corrosiveness was expressed as a ratio of loss of tensile 


strength of wires in contact with an unknown tape and 
with a standard tape. 

Discussion of Results. Typical results obtained by 
the contact and the cut-edge methods are shown in 
Table I. Tape “A” is a very corrosive non-electrical 
paper tape. Tapes “B” and “C” are electrical-grade 
paper tapes. Each value given represents the average 
of at least four measurements. The grand average is 
the result of four tests run at different times. From 
Table I as well as by visual inspection tapes A, B and 
C were rated as follows: 


Visual 
method 


Contact 
method 


Cut-edge 
method 


Best Cc Cc 
Intermediate B B 
Worst A A 


The visual and cut-edge methods agree on the order 
of corrosiveness of these tapes. The contact method 
does not agree with this rating. Non-electrical Tape A 
which has no surface coat produced overall shallow 
pitting, whereas electrical Tape C with a very heavy 
surface coat caused localized areas of deep pits and 
erroneously appeared very corrosive. 

An additional demonstration of the effect of the num- 
ber of points of contact is shown by the data in Table 
[1, which compares the corrosiveness of an impregnated 
paper coated with one, two and three layers of ethyl 
cellulose which is noncorrosive. Corrosiveness was meas- 
ured by both methods under the same conditions. In 
each determination the sample was run together with 
a sample of uncoated paper. 


Contact Test Good Only for Bare Wire 


The cut-edge method shows all three samples to be 
about equally corrosive and only a little better than 
the control. In the contact method (which uses bare 
copper wires) the number of coats of an insulating 
material reduces the number of paper fibers exposed, 
thus increasing the localization of corrosion. It would 
seem logical that paper with a coat of an insulating 
material should be electrically as good as or better than 
the paper alone, but in the contact test method the 
coated erroneously appear successively more 
corrosive as the number of surface coats is increased. 
Therefore, the contact test gives a valid measure of 
corrosiveness only if the tape under test is to be used 
in a bare-wire construction. 

As has been noted, enameled wires 
used in coils and motors. To lengthen the life of such 
assemblies we can first reduce the corrosiveness of 
the tape and secondly reduce the probability that a 
break in the enamel will touch an exposed fiber or 


papers 


are universally 
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“Count on Raytheon to run it’ Design engineers 
have learned to rely on Raytheon fractional 





hp motors when they want to run things—for 

example, FANS, BLOWERS and 

AIR CONDITIONING EQUIPMENT. 
Raytheon Creative Craftsmanship assures 

Dependable Performance at the shaft—the kind 

of trouble-free power unit that manufacturers 








need in today’s competitive markets. 














Call in your Raytheon representative for 


TYPE 330-U 4-pole Motor for Horizontal or Shaft-up applica- consultation on your specific application. 
tions from 1/200 hp to 1/25 hp at 1500 rpm. Mass produced to 
your specifications. An excellent low cost, service-free fan motor 

for refrigeration and air conditioning applications and all air- 

moving devices. Write for Bulletin 3000. 





Py 





RAYTHEON Type RAYTHEON Type 470 RAYTHEON Type 

230 Shaded 2-pole  Shoded 4-pole, 1550 350 Shaded 2-pole, 

1/200 to 1/50 hp fom O% Supole, 1050 1/40 to 1/6 hp ot 

at 3200 rpm motor. tors. 3000 rpm motor. 








RUSSELL ELECTRIC COMPANY 
sussipiary of RAY THEOWN MANUFACTURING CO. Ag! 
4501 So. Western Boulevard Dept. D-21 Chicago 9, _ 
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maintain quality 
in equipment 


TRANSFORMERS 


If you build or operate electrical equipment, you'll be 
wise to consult STANDARD about transformers that are 
designed to fit your specific needs. 


STANDARD Transformers are of sound basic con- 
struction, built along the lines you require with plenty of 
reserve. And the best part of all—STANDARD “know- 
how” means that you get the most for your money. 


EXCLUSIVELY TRANSFORMER DESIGNERS 
AND MANUFACTURERS FOR 30 YEARS 


For more than 30 years, STANDARD has 
maintained its reputation for designing and 
building high-quality transformers in a wide 
range of capacities from 50 VA to 20,000 KVA 
for use with all types of equipment on every 
continent. Write today for literature. 


OFFICES IN PRINCIPAL CITIES 


UU Ra 


WARREN, OHIO 


EXCLUSIVELY DESIGNERS AND MANUFACTURERS OF TRANSFORMERS) 


similar corrosive spot. The cut-edge method measures 
the corrosiveness with that probability kept constant. 

Table III shows the correlation between results ob- 
tained by the wire corrosion methods and corrosion 
current measurements on a series of tapes. Electrical 
paper tape “D” was used as the control in the wire 
corrosion methods and the results are expressed as 
ratios of the wire tensile strength loss of the test tape 


| to the wire tensile strength loss of tape D. 


Results from the cut-edge method and from the cor- 
rosion current measurements agree in dividing the tapes 
into three sharply separated groups. However, the con- 


| tact method classifies, with one exception, the poor 


tapes with the medium-grade electrical tapes. Thus, 
cellophane tape which appeared very corrosive by the 
other two methods did not appear as corrosive as the 
electrical grade paper tapes when tested by the contact 


| method. Here is another case of shallow overall cor- 


rosion which occurs when a uniform contact between 
wire and test material exists and erroneously classifies 
a bad material as a satisfactory substitute for electrical- 
grade paper tapes. 

This correlation is shown graphically in Figs. 3 and 
4. (Best straight lines were fitted by methods of least 


| squares.) Relationship between the values obtained by 


the corrosion current method and those obtained by 
the cut-edge test is quite good (Fig. 3). The equation 
for this line is y = 3.0+4.1. By substituting and re- 
moving logarithms this relationship becomes: J] = 
10*1 B®, Here J is the corrosion current expressed as 
conductance in micro-micromhos and B is the relative 


| corrosiveness expressed as a ratio of tensile strength 
| losses of positive wires in contact with the test tape 


and with the control tape. 

Volume of copper dissolved from the positive wire 
should be proportional to the amount of current flow- 
ing. Therefore, corrosion current can be considered as 


| a volume or three-dimensional function and this is in- 


dicated by the curves. Furthermore, since the corrosion 
current technique is based on the cubic function of the 
corrosiveness, it produces a larger dispersion of values 
and is, therefore, a more sensitive test. 

Fig. 4 shows that correlation between the corrosion 


| current and contact methods is not good. Equation for 


this line is: y = 3.6+4.7. By susbstituting and remov- 
ing logarithms, the relationship becomes: J] = 10*7B**, 


| Since the corrosion current method produces a much 


larger dispersion of values than the contact method, it 
shows up as a much more sensitive test. The contact 
method produces many anomalous results and gives 


| only a small differentiation between good and poor 
| tapes, and it is, therefore, the least desirable of the 
| three test methods considered. 


Summary and Conclusions 


Electrolytic corrosiveness of pressure-sensitive tapes 
has been measured by (a) the corrosion current method 
(b) the cut-edge test and (c) the contact method. The 
three methods agree roughly in classifying the tapes 
as follows: 

A. Very good tapes, in which the measurable cor- 
rosion is negligible and the corrosion current is 
very low (conductance under 20 micro-microm- 
hos). This classification includes acetate-cloth and 
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COMPLETE LINE OF CORES 
TO MEET YOUR NEEDS 


%& Furnished in four standard 
permeabilities —125, 60, 26 
and 14. 


% Available in a wide range of 
sizes to obtain nominal in- 
ductances as high as 281 
mh/1000 turns. 


% These toroidal cores are given 
various types of enamel and 
varnish finishes, some of 
which permit winding with 
heavy Formex insulated wire 
without supplementary insu- 
lation over the core. 
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HIGH Q TOROIDS for use in 
Loading Coils, Filters, Broadband 


Carrier Systems and Networks— 
for frequencies up to 200 KC 


For high Q in a small volume, characterized by low eddy current 
and hysteresis losses, ARNOLD Moly Permalloy Powder Toroidal 
Cores are commercially available to meet high standards of physical 
and electrical requirements. They provide constant permeability 
over a wide range of flux density. The 125 Mu cores are recom- 
mended for use up to 15 ke, 60 Mu at 10 to 50 ke, 26 Mu at 30 to 75 ke, 
and 14 Mu at 50 to 200 ke. Many of these cores may be furnished 
stabilized to provide constant permeability (+0.1%) over a specific 
temperature range. 


* Manufactured under licensing arrangements with Western Electric Company. wad 2930 





KULKA TERMINAL BLOCKS for Electronic Equipment 
and Lighting Fixtures.......KULKA TERMINAL BLOCKS 


am ee a 
KULKA TERMINAL BLOCKS for Electronic Equipment 


Simplify your wiring 
work. .. Eliminate 
splicing. . .Stop leaks 
and shorts. ..Increase 
insulation . . .Reduce 
assembly costs. 

Make lasting 
connections. 


Blocks come in 4 sizes—with1~26 terminals. Brass screws and 
solder lugs. Lugs in several styles for all sizes — also eyeletted to 
block. Marker strips imprinted or plain,or blocks engraved. 


’ 


Pe TTT OR Pa eee Ie 


MOUNT VERNON, N. Y. 


a 


a DAY-IN, DAY-OUT 


SILLA 


RUGGEDLY BUILT FO 
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MODEL 400—-for close work 


A small industrial, continuous duty 60 watt 
soldering iron for close work. Only 9” long, 
weighs 8 oz. Baffle plates keep handle 
cool. Ideal for chassis wiring or wherever 

« compact constant-duty iron is required. 


a gall TPT 


for every 


SOLDERING IRONS ase ad 


MODEL 200 SOLDER POT 


A constant-duty production-type, 
300 watt volume-use solder pot. 
Element wound directly around 
cast iron well for maximum trans- 
fer. Well size 242” diameter, 2” 
deep. Holds 2 Ibs. solder. 


DRAKE ELECTRIC WORKS, INC. 


3656 LINCOLN AVE. CHICAGO 13, ILL. 


acetate-film tapes and similar materials. 

Fair tapes, in which the corrosion is measurable 
but corrosion conductance is less than 20,000 
micro-micromhos. This group contains all good 
grade paper and cotton electrical tapes. 

Poor tapes, in which the corrosion is bad and 
corrosion conductance is greater than 1,000,000 
micro-micromhos. This classification includes 
most non-electrical grade tapes. 

It has been demonstrated in this investigation that 
the corrosion current method is the best means of meas- 
uring electrolytic corrosiveness. This test is easy to 
carry out; and the results are very reproducible and 
correlate closely with those obtained by the more com- 
plex cut-edge technique. The usual bare-wire test method 
appears to be the least satisfactory of the three test 
methods examined. OOO 
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Fixed Resistors 
for Electronic Applications 
(Continued from page 123) 


A contribution to this problem has recently been made 
by the Sprague Electric Company, North Adams, Mass., 
in cooperation with and at the request of Signal Corps 
engineers. This effort resulted in a resistor, Fig. 9, 
completely molded in a low-loss phenolic material. 
Ceramic insulation on the wire withstands the molding 
operation. 

Results of tests conducted on 0.1 megohm units in 


Fig. 9—New molded wire-wound resistor with ceramic in- 

sulation developed by Sprague Electric Co. in cooperation 

with the Signal Corps. Resistor retains the advantages of 

wire-wound types and is resistant to high humidity and 
salt water immersion. 
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17 News 





News of G-E electrical insulating developments that can be important to your business. 


You Get EXTRA OVERLOAD PROTECTION 
with G-E Silicone Insulating Resins 
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Small silicone-insulated induction 
motor, showing insulation on stator 
windings. 


WANT MORE 
INFORMATION? 


Get in touch with your 
local G-E Distributor, 
or write Section AA-2, 
Chemical Department, 
General Electric 
Company, Pittsfield, 
Massachusetts, 

(in Canada: Canadian 
General Electric Co., 
Ltd., Toronto). 


oN 


Motor overload temperatures of 200 to 
250 C for limited periods are no longer a 
problem where General Electric silicone 
insulating resins are used. These materials 
provide a new class of electrical insulation 
which permits continuous operation of 
electrical machinery at hot-spot tempera- 
tures of 180 C, or 50 to 75 C above the 
operating temperatures of conventional 
insulating materials. 

Also, because of their protection against 
high-operating temperatures, electrical mo- 
tors of greatly reduced size and weight can 
often be used for the same machinery. This 
represents an important cost saving to many 
equipment manufacturers. 

Depend on General Electric for a com- 
plete line of high-performance silicone in- 
sulating materials—important in original 
manufacture, rebuilding and service work. 
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SANGAMO PAPER CAPACITORS 


Type 60 
Capacitors 


“t 


You’re right when you specify 
Sangamo Type 62 and 64 
Paper Capacitors for use 
where exceptionally small 
filter capacitors are required 
for aircraft, guided missile 
work, or similar applications. 


These capacitors are mineral 
oil impregnated for E charac- 
teristic and assure excellent 
long life performance at tem- 
peratures from —55° C to 
+85° C Types 62 and 64 
capacitors are smaller than 
the size requirements of joint 
Army and Navy Specification 
JAN-C-25, CP 60 Series. 
They are hermetically sealed 
in seamless drawn steel cases. 
Non-magnetic copper or 
brass cases can be supplied 
if desired. 











Full information on these, and many other 
types of Sangamo Paper Capacitors, is given 
é in Catalog No. 832. Write for your copy. 


A-7 SANGAMO ELECTRIC COMPANY 


SPRINGFIELD, ILLINOIS 


in Canada: Sangamo Company Limited, Leaside, Ontario 
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accordance with specification JAN-R-93 are shown in 
Table II. The specification provides for two charac- 
teristics: A, resistant to salt water immersion (normally 
requires hermetically sealed units), and B, resistant to 
humidity. The molded resistor passed requirements B 


Table 1l—Tests on Molded Wire-Wound 


Resistors 


Test Passed Failed Requirement 
Characteristic B 6 0 0.5 per cent change 
Characteristic A 4 2 0.5 per cent change 
Resistance 12 0 0.5 per cent change 
Dielectric strength 12 0 500 V rms for 1 min 
Insulation resistance 12 0 50 megohms minimum 
Temperature cycling 12 0 0.5 per cent change 
Short-time overload 12 0 0.5 per cent change 


100 per cent, and results under A were very promising. 
The specification requirement for each is a maximum 
change of 0.5 per cent in resistance during and after 
completion of the test. 

Limits for insulation resistance ranged between 140 
and 2000 megohms at 95 per cent RH during and after 
10 cycles of the standard moisture resistance test (Sig- 
nal Corps Drawing SCD-16286-B). Prior to the start 
of the moisture-resistance test, the insulation resistance 
was greater than 50,000 megohms. These new molded 
wire-wound resistors should provide an economical, 
precision, stable unit suitable for all possible climatic 
conditions. Production facilities are being established 
to provide availability early in 1951. 

High-stability nonwire-wound resistors of deposited 
carbon and metal film are currently being produced at 
a rate (approximately 500,000 per month) which falls 
far short of the demand. It is anticipated that mass 
production techniques and facilities will be established 
in the near future to triple the present rate. The facili- 
ties will also include those necessary to produce the 
boro-carbon resistors. It is highly possible that with 
mass production facilities and subsequent lower costs, 
the high-stability resistors will replace a large portion 
of the general-purpose, 5-, 10- and 20-per cent carbon- 
composition resistors for Signal Corps applications. 
Such applications will be in addition to the basic use 
as substitutes for accurate wire-wound resistors. 0 0 O 


Conserving Critical Materials 


(Continued from page 128) 


by the critical shortage of tin. 

This problem is closely related to attempts to reduce 
consumption of cadmium, used generally for plating 
steel chassis. Zinc plating is being considered—and in 


some instances adopted on subassemblies—although it 
offers difficulty in soldering when some time must elapse 
before soldering. Plastics coatings are being developed 
as a substitute for cadmium plating, but much work 
remains to be done before any substantial savings in 
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ANOTHER UNIQUE HOLTZER-CABOT PRODUCT 



































This adjustable motor satisfies a long-felt need. It converts AC 
electrical energy directly to mechanical energy, without use of tubes 

or other converting equipment. And its advanced design combines many 
other features. For example — 


e standard controller provides 12 speeds with approximate 7 to 1 range, for instance, 


3500 RPM to 500 RPM 

dial control gives smooth, instant change-over from one speed to another 
each speed setting remains constant regardless of variations in load 

instant starting at desired speed—no warm-up period, no lag 

maximum torque for starting under load and for rapid acceleration 
compact—no auxiliary equipment required — ideal for use as a built-in unit 
can be mounted for either local or remote control 

economical —the lowest-price motor unit of its kind, and easy to maintain 


This new multi-speed motor is made for AC, single phase, 115 or 230 
volts. It is suitable for any application where an adjustable-speed DC 
motor is used, and has an additional advantage — the starting and maximum 
torques increase rapidly at high speeds. This motor can be built to 
operate at speeds as high as 8000 RPM. (A single-speed model with the 
same characteristics is also available.) The fact that the RBA or RWA 
motor has a service life comparable to that of a DC motor opens up 
many new and important application possibilities. 





Holtzer-Cabot builds precision 
motors in a variety of types, rang- 
ing from the small instrument sizes 
up to heavy duty 14 horsepower 
units. They meet demanding speci- 
fications for such varied applica- 
tions as office and recording 
machinery, machine tools, fans, 
pumps, hoists, blower units, farm 
equipment, etc. 


Into each Holtzer-Cabot motor goes 
the same engineering skill and 
manufacturing excellence that 
through the years have made 
Holtzer-Cabot the standard of high 
quality in motors. Write today for 
expert assistance in solving your 
motor problems. 


‘HOLTZER-CABOT 


DIVISION OF NATIONAL PNEUMATIC CoO.,, INC. 


BOSTON 19, MASSACHUSETTS 


‘* Manufacturers of fine electrical apparatus since 1875" 
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EVANS’ precision springs have been meeting and exceeding the 
specifications of industry for more than a hundred years. The 
cumulative skills of Evans’ engineers and the complete production 
facilities at the Evans’ factory provide a unique and world-famous 


source of springs for every application. 


Send for specification & 
sheet for easy ordering. 


Precision spring manu- 
facturers since 1850. 





ee eas 


A.?C.MOTORS 


Available in a wide range of electrical 

and mechanical characteristics—regularly 

built in sizes % te 10 HP in standard 

speed ranges, single phase capacitor type, 

‘wo phase and three phase induction 
motors. Superior quality . . . low 
temperature rise. 


Standard AC motors... or AC 
motors designed and custom built 
to meet your specifications for 
applications, such as extractors, 
mailing machines, looms. 


Capacitor induction motors devel- 
oped to replace repulsion induc- 
tion motors hermetically 
sealed starting relays available. 
DC motors—standard or custom 
built to your specifications—are 
available from { to 50 HP... 
drip proof . . . constant or ad- 
justable speeds. 

Partial motors—both AC and DC 
—can be furnished to your speci- 
fications. 


<0 KURZ“~ROOT Ginpany 


eas 
NCOLE APPLETON - WISCONSIN 
+... Aad DC motos and motor gouerator sets 


cadmium can be made. For steel masts and brackets 
for antennas, zinc plating is now being replaced by 
plastic coating. 


Reinforced Plastics No Substitute 

Only one example cited to this point has suggested 
plastics as a substitute and that was for an aluminum 
part. In fact, in some applications it is the other way 
around—steel being substituted for plastics (in cabi- 
nets). Many of the materials which go into rein- 
forced plastics are themselves short because military 
programs have taken a large share of the supply. These 
plastics are engineering materials in their own right 
and should be considered only for applications where 
they offer performance advantages not supplied by 
more available materials. 

And now comes a report that redesign of TV sets to 
save copper through use of a selenium rectifier voltage- 
doubler circuit, if generally adopted, will run up against 
a critical shortage in selenium. A special committee of 
RTMA members and others has been appointed to 
investigate the situation and take appropriate action. 
Preliminary investigations indicate that present produc- 
tion of selenium will fall far short of meeting antici- 
pated requirements. Moreover, the present supply. 
which comes from a single source, is expected to be 
reduced within a short time by increasing defense needs. 

Another move being studied would, if put into effect, 
ease copper supplies but take a substantial part of the 
iron powder now available. Rotating bands for artillery 
shells have always used copper; sintered iron may 
replace copper and in the process overload facilities for 
making iron powder. 

So, as we go forward into this period of combined 
military and civilian demand, availability rises to become 
the dominant factor in material selection, bringing real 
problems in maintaining performance and holding the 
line on costs. Many of the design solutions that come 
from this new set of demands (such as those described 
here) will represent real advances in the field. OOO 


Design Trends 


and Transients 
(Continued from page 144) 


or slurry, are then floated onto a paper-making screen. 
Hand sheets formed in this fashion and dried have suf- 
ficient mechanical strength, without the addition of any 
binder, and are thin enough to be wound into a small 
capacitor for test. Power factor is said to be lower than 
with use of kraft paper, and capacitance is 15 per cent 
greater. 

Asbestos. Its value as a dielectric depends upon a low 
iron content, particularly freedom from magnetite or fer- 
rous iron oxide. Conventional methods of removing 
impurities from asbestos have made users largely de- 
pendent upon foreign fiber, which inherently has a low 
iron content. 

Since this is an undesirable situation for the United 
States from a logistics standpoint, methods were sought 
for purifying domestic asbestos fiber now found unsatis- 
factory. A novel method of cleaning asbestos has been 
developed by NRL which differs from former pro- 
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TTC ete La CCL CALs 


ontinental Specifies STE LE iT 


To insure their motors a long and trouble-free life, 
Continental Electric specifies that after multiple im- 
pregnations and bakings with Borthig black insulating 
varnish, the end extensions of the coils are sprayed 
with Borthig No. 400 Homogenized Red Insulating 
enamel. It is also used on armatures and generators. 


The finer dispersement of pigments and their 
near-suspension in the final solution, gives a perfect 
distribution of insulation and protection against water, 
oil and acid. It is unmatched for ease of handling. 


Continental Electric’s application, plus many 


* Homogenized #400 Red Enamel will not settle 
except when left for extreme length of time . . . even 
then it will mix with the slightest agitation. 
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others by hundreds of customers, proves that Borthig 
#400 is a better insulating enamel. Sample will be 
sent upon request. 


Solved problems are another product we deliver 
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WOOD SCREWS © LAG SCREWS 

MACHINE SCREWS ‘© SPECIAL SCREWS 
MACHINE SCREW NUTS © TAPPING SCREWS 
DRIVE SCREWS @ STOVE BOLTS © CAP 
SCREWS © PIPE PLUGS @ THREAD CUTTING 
SCREWS © PHILLIPS AND SEMS SCREWS s 


ELCO ‘xx> SCREW CORPORATIO 


1916 BROADWAY 4 ROCKFORD, 


ILL. 


cedures in that it involves wetting the fibers instead of 
fluffing them with high-velocity air, or screening them. 
The asbestos, in the form of a water slurry, is sent 
through a pipe-line device called a “Vortrap” in which 
the asbestos fibers are kept suspended by centrifugal 
action while the heavier magnetite particles drop out 
through center portion of the pipe where the turbulence 
is less. The fibers are then filtered, dried, and packaged 
for further use. 

Asbestos formed by this process from certain Cana- 
dian fiber is bright white in color, as compared with the 
dull gray of the original, and is capable of being formed 
readily into paper with excellent uniformity and few 
conducting particles. The dielectric strength of the prod- 
uct was 200 vpm when tested alone and 650 vpm after 
being impregnated, more than meeting the electrical 
specifications for Class 2 electrical insulation. 

In still another NRL development a_ successful 
method has been reported for making a glass-fiber paper 
that appears to have considerable value for capacitor 
use, being impervious to fungus and permitting the 
manufacture of capacitors of reduced size to withstand 
operating temperatures to 150 C. OOO 


Tape Reeorder for 
Geophysical Work 


Portable 13-channel mechanism designed for 
seismic analysis in oil fields. 


Multichannel magnetic tape-recording has been applied 
by Cook Research Laboratories, Chicago, for geo- 
physical seismic analysis. Illustrations show the port- 
able, battery operated mechanism developed for this 
purpose for the Sun Oil Co., Beaumont, Tex. 

Equipment is used in the field as follows: As is cus- 
tomary in the oil industry, a charge is first set off in a 
shallow hole. The resulting sound waves are reflected 
by underground strata interfaces and are picked up by a 
series of ‘“geophones” spaced along the ground surface 
on a line through the shallow hole. An FM carrier gives 
satisfactory results in transmitting the seismic signals 
to the recorder. Standard amplifier and detection cir- 
cuits are employed on playback and faithful reproduc- 
tions of the original recordings are said to be obtained. 
An oscillograph records the reproduced signals in 
accordance with standard geophysical practice. 

Output shaft of a gear train drives a 9-in., 8-lb stain- 
less flywheel. Flywheel shaft and capstan are of unitized 
construction built to precision standards. Main-drive 
gearbox is connected to the flywheel by a flexible 
coupling able to compensate for extremes in deflection 
and parallelism. This selection of smooth constant 
power combined with high inertia and accuracy of 
construction reduces wow, flutter and drift to negligible 
levels. 

Recorder mechanism used in this equipment has 12 
information channels and one reference channel and 
provides for 21 min of recording time. A 1-in. Minne- 
sota Mining tape is used (No. 3M-111A). Tape speed 
is 15 in. per sec. Spool capacity is 1575 ft. Drive system 
calls for a General Electric shunt-wound, governor- 
controlled, 24-volt, 4% o-hp, 7100-rpm, d-c motor. Take- 
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Two minutes ago she wouldn’t have 
traded her brand new vacuum cleaner 
for a mink coat. But now the cord is 
broken and she’s swearing she’ll never 
again do business with the people who 
make this %x!**! sweeper. 


Well, here’s a hint that may help. 
Many top-flight cord makers are using 
a Fiberglas yarn tension member, com- 
bined with a paper filler to give flexible 
cordage the extra tensile strength it 
needs. And they’ re also using Fiberglas 
yarns to bind the conductors and fillers 
to give cordage added flex life. 


Why not mail us the coupon below 
for the names and addresses of the 
people who use Fiberglas yarns in their 
cordage? Do it today! 


AHOT PROSPECT 
<i Fora [ 
BROOM / 


a 
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HERE’S WHY FLEXIBLE CORD 
REINFORCED WITH FIBERGLAS* 
YARN IS BETTER— 


—FIBERGLAS YARNS have unusual tensile 
strength, even in small diameters 


—FIBERGLAS YARNS resist moisture, oils, 
and most acids 


—FIBERGLAS YARN reinforcement helps 
make cord round, smooth, better looking 


—FIBERGLAS YARNS give increased flex life 


—FIBERGLAS YARN-reinforced cords cost no 
more than conventional cords 





i 
i Please give me more information about wire and cables 
OWENS-CORNING i made with Fiberglas Yarns, and’names and addresses of 
eee i 
DODO CRON 7/70 | vttecssnsvnsnnnnnsnnnnnnininnsen 
si i WN oh snp ck nbnddddbnnens ink 0s Ueeedcesh seadeteeektosaseada 
oe is the trade-mark (Reg. U. aay a l 
a dead aut a aa one secscapeaasenah OE ETO. LIOR 
1 WN inci i cactidiiidicusstecdncs ees hive 
FIBERGLAS IS IN YOUR LIFE...FOR GOOD! Wis Sidi ccc NRE ie ccvnics 
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yal Has the Yeh aos 


to YOUR Wire Stripping Problems 


There’s an IDEAL STRIPPER 
for Every Type of Wire 


No matter what your production requirements may be, the 
wire you use can be stripped more efficiently and economically 
with an Ideal Wire Stripper. A size and style for every need— 
for quick, clean stripping of single or parallel conductors . . . 
rectangular, round or flat . . . solid or stranded wires. 


Sold Through America’s Leading Distributors 


TWO MOTOR 
BRUSH TYPE STRIPPER 


Strips and cleans enamel, cotton, 
silk, string asbestos and similar 
types of fight insulation from 
round, flat, or rectangular wires— 
solid or stranded. Removes coating 
from ‘*Formex"’ or “Formvar"’ wire 
—cleans fibre glass insulation—re- 
moves gummy insulation embedded 
in stranded wires. 


ELECTRIC 
“HOT BLADE” 
WIRE STRIPPER 


BURNS OFF INSULATION, in- 
cluding morker thread —no cut 
strands. Strips cotton, silk, syn- 
thetic (plastic) insulation or rub- 
ber coverings from fine stranded 
or solid conductors. 


my 


BENCH TYPE WIRE STRIPPER 


Strips solid or strandad wire up to 5/16” 
dia. For single conductor plastic, cotton or 
rubber covered wire where quantities are 
limited. 


LEVER TYPE CABLE AND WIRE STRIPPER 


Strips all kinds of single and 
parallel conductors and cable 
up to %” dia. Recommended 
for type S, SJ and Power 
Cables. A production stripper, 


ELECTRIC ROTARY TYPE 


WIRE STRIPPER 


For production stripping of single conductors, 
solid or stranded wire up to 2” outside dia. 
Especially recommended for Type R, RF, CF, AF, 
radio hook-up, lead-in wire, etc. 


MAIL FOR RECOMMENDATION 
C TDEAL INDUSTRIES. nc. Goo 


1008 Park Avenue 
Sycamore, Illinois 

Please recommend the proper stripper for these 
wires (enclose somples). 


For intermittent stripping. 


For continuous production stripping [| 
Also send catalog data. 


i iiassenciciain ; 
COMPANY Sain = a 
ina, , iceland 
nr’ ZONE. STATE 


in tkiuis ae cinencinatn dienes die amen aa am od 


SUBMIT 
SAMPLES 


| 
From the most 1 
complete line of | 
strippers IDEAL | 
engineers will be | 
pleased to recom- 
mend the type i 
thatbest meets | 
your needs. { 
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up system utilizes an Electric Motor Corp. shunt-wound 
180-rpm, 24-volt d-c motor. Rewind system and/or 
supply system calls for an EMC shunt-wound 300-rpm, 
24-volt d-c motor. Rewind speed is 150 in. per sec. 


Front and rear views (back panel removed) of Cook 
MR-12 magnetic tape recorder with 12 information chan- 
nels for geophysical analysis. 


Dimensions of unit : 187¢x19x10 in. Weight (with tape ) 
52 Ib. 

Although designed primarily for geophysical seismic 
analysis, this equipment can also be used for audio 
recording of other phenomena, where high quality of 
recording is essential. ood 


Radiant Heat from Ceilings 


Greater use of electricity for home heating is favored 
by increased cost of competitive fuels plus the more 
effective employment of radiant rather than convected 
heat. As explained by Clarence Frere of General Electric 
Co., at a recent AIEE meeting, body comfort depends 
not upon supplying heat to the body, but in controlling 
the rate of heat loss—about 300 BTU per hr. A new 
type of low-temperature heating panel designed by Gen- 
eral Electric engineers for permanent installation on 
ceilings delivers radiant heat required for comfort. 

In construction the panel consists of a resistance ele- 
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Candy kettle or quenching tank, fryer or film dryer, 
melting pot or molding press . . . you can get exactly 
the heating unit you need from Tuttle & Kift. 

What unit? It all depends. In most cases, the solution 
will be a standard TK model. In others, we'll design a 
special unit to your specifications. 

Take the candy kettle pictured above. It gets its heat 
from three, standard Rod-type elements bent to a “W” 
shape. Rod-type units, with copper, steel or Inconel 
sheathes come in types and sizes to fit your needs. Avail- 
able with various terminals, they may be manually or 
thermostatically controlled. Wattages range from 350 to 
5000; lengths from 11%” to 111%”. Diameters are 
6", 46" or ¥2”. 

The fryer unit is a “special’’. It’s an Immersion-type 
heater. Standard models for heating water, oils, waxes 
and other liquids, include single, double and triple loop 
types, with steel or copper sheathes. Wattages range 
from 350 to 15,000; loop lengths from 64%” to 54%”. 





We also manufacture Urn-type and Finrod heaters—in 
standard shapes and sizes—and in hundreds of special 
designs to meet special requirements. Call us in early 
whenever you design or redesign electrically heated 
products. You'll get better units, friendlier, more “per- 
sonalized” service! 


HELP FOR DESIGN ENGINEERS 


Write for your free copies of specifi- 
cation sheets on TK Heating Units. 
They contain complete information 
on temperatures, voltages, wattages, 
etc., in handy, easy-to-use form. 
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Precision die molded plastics in small lots are now 
available at the lowest possible die mold cost. This 
mew process is primarily for pilot runs in the pro- 
duction of 100 to 5000 small precision plastic mold- 
ings for experimental and other purposes where 
conventional type die molds would be prohibitive 


Present mold capacity: 2 ounces, 2 x 4 x 6” 


Your inquiries are invited. 


Dayton RoceErRs 


MINNEAPOLIS 7, MINNESOTA 


relay maintenance 


Each make and break, in an H-B Mercury 
Plunger Relay, takes place between automatically 
renewed, clean surfaces. The arc is totally enclosed 
in a hermetically sealed chamber to prevent oxi- 
dation, to exclude all dust, 
moisture, corrosive gases 
and other trouble-causing 
elements. 

NO PITTING «* NO SCAL- 
ING * NO ADJUSTMENT 


NO CHATTER * NOTHING 
TO WEAR, BIND OR FREEZE 


WRITE FOR CATALOG 


Trade Mart Reg U.S Pat OF 


H-B INSTRUMENT CO. 
2649 TRENTON AVE. 
PHILADELPHIA 25, PA. 








ment of copper alloy wire sandwiched in a phenolic 
laminate about 0.030 in. thick. Both sides of the sheet 
are covered by aluminum foil for grounding. Sheets are 
171% in. wide and either 46, 58 or 70 in. long. 

Panels are mounted directly to interior room surfaces 
by a thermosetting adhesive resin. Stranded conductors 
placed in wiring channels connect panels in parallel 
under control of an individual room _ thermostat. 
Panels operate at a surface temperature of about 110 F. 


New Resins Make Tough Coatings 


Silicone-alkyd combinations, special phenol 
derivatives and the epoxy group provide 
basic ingredients for protective coatings 
developed to resist extreme service condi- 
tions; a Staff Report. 


Newer classes of coating resins and intermediates are 
used to formulate coatings with unusual resistance 
against corrosion, extreme temperature conditions, 
chemical agents and with specially good properties of 
adhesion, flexibility and abrasion resistance. It is ex- 
pected that in many instances such coatings will make 
it possible to successfully eliminate scarce alloys ordi- 
narily specified for corrosion protection. 

Silicone-alkyd coating resins recently announced by 
the Plaskon Division, Libbey-Owens-Ford Glass Com- 


Fig. 1—Single-coat test panels of melamine-alkyd pastel- 
shade enamel at the left, and silicone alkyd resin enamel 
at the right, the latter showing no failure after 50 hr 
exposure at 350F. Same silicone-alkyd film was said to 
be also subjected to 350 F for 500 hr and to 450 F for 
300 hr without loss of gloss or other film properties. 
(Source: Plaskon Division, Libbey-Owens-Ford.) 


pany, Toledo, Ohio, are claimed to be the first of their 
type commercially available. Resin ST-856 is used for 
general-purpose baking enamels where high-temperature 
exposure is encountered (maintains high gloss and color 
in range of 400 to 500 F) and where outstanding dura- 
bility is essential. ST-873 is an air-drying version 
which can be sprayed or brushed on and is therefore 
suitable for large finishing areas. ST-881 is a vehicle 
for aluminum-pigment or similar coatings, and provides 
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Not one... but all three 


-- all three electrical tapes are 








































DUTCH BRAND Tiiflen Tape 







DUTCH BRAND Friction Tape is one of the most widely used 
friction tapes on the market today. The electrical group finds 
it easy to use and accords it high preference. It is a quality 
tape that is long-lasting, it sticks tight, it tears 
straight, wraps neatly and does not ravel. Its tensile 
strength exceeds requirements, and the careful choice of materials 
and manufacturing process result in excellent aging qualities. The 
most important point .. . you can buy and use it with confidence. 


a el 
FRICTION TAPE 
os 7 

A 






aes 


DUTCH BRAND Pp asrtix Electrical Tape 
Eo oo ae 


DUTCH BRAND PELASTIX js made with the tape 
“know-how” of more than forty years’ experience. PLASTIX 
is superthin with high dielectric resistance . . . conforms 
readily to irregular surfaces , . . stands up under severest 
conditions . . . resists water, oil, acids, alkalies and corrosive chemicals. 
It is available in regular .007” thickness and heavy-duty 
.010” thickness. The .010” PLASTEX has all the general 
characteristics of regular PLASTIX except it is heavier for heavy- 
duty work such as winding heavy cables, heavy electrical harness and 
for use in tape winding machines. 


DUTCH BRAND {ict Insulating Tape 





DUTCH BRAND Rubber Tape is well known to the 
trade for its top insulating quality. It has been one of 
the outstanding electrical tapes in the field for years. To 
use it is to appreciate this quality for it fuses instantly 
without heat, insulates perfectly, stretches readily and contains no 
corrosive chemicals. DUTCH BRAND Rubber Tape resists up to 18,000 
volts through a single thickness. It is strong, durable and easy to use. 


When used with DUTCH BRAND Friction Tape you have 

top insulating value. That’s why you find it used on high- 
tension lines and other places where dependable insulation is 
an important factor. Be sure you get the genuine . . . specify 
DUTCH BRAND by trade name. 






VAN CLEEF BROS. [NC. 


Manufacturers... Rubber Products Est. 1910 


Available in practical sizes CHICAGO 19, U.S.A. 
and packaging for contractors 
and industrial users. 
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Longer contact life in 
a@ magnetic starter means less 
maintenance, less shut-down time. 


FURNAS silver contacts combine low con- 
tact resistance with the utmost in arc- 
quenching properties. This contact material 
was selected after exhaustive research and 
found by rigid testing to outlive competitive 
contacts by a favorable margin. 


When you require starters and contactors 
that must do frequent OFF-ON switching, 
specify FURNAS for dependable, more 
economical performance. Catalog 50 sent 
on request. Write Furnas Electric Company, 
1024 McKee Street, Batavia, Illinois. 


FURNAS STARTERS rated up to 10 hp. 
available with or without push-buttons or 
selector switch . . . Steel enclosure, 8'2 
x 6 x 4% in.; case is shallow for easy 
wiring .. . Stainless steel contact springs, 
Plaskon Alkyd terminal board . . . Open 
type and watertight enclosures available. 


FURNAS 
I SIS EIIO 


MOTOR CONTROLS 
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special properties of durability, flexibility and adhesion, 
plus unusually high-temperature characteristics (no 
film-properties failure reported up to 1500 F). All the 
silicone-alkyd resins produce films unaffected but little, 
if any, by low temperatures. All are used as one coat 
application. 

Hardness and abrasion resistance are claimed to be 
the equivalent of or better than the best melamine-alkyd 
combination. Particularly high degree of resistance to 
chemicals and solvents is another characteristic. 

Expected applications include coatings for space 
heaters, transformers, motors, electric roasters, sun- 
lamps, X-ray equipment, refrigerators and ranges. Al- 
though these silicone-alkyd resins are priced on the high 
side, Plaskon officials expect a sharp decrease as volume 
usage develops, with prices eventually approaching those 
of regular alkyd resins. An economy feature is the fact 
that the enamels are used as single-coat applications, 
eliminating primer costs. 

Another recent development, a culmination of several 
years research, is General Electric’s R-108, described by 
the company’s Chemical Department, Pittsfield, Mass., 
as an intermediate ingredient for baking-type coatings, 
imparting unusual alkali and acid resistance over a wide 
temperature range. K-108 is based on selected phenol 
derivatives (no further data are released). Coatings 
made with it are claimed to also exhibit these char- 
acteristics : 

Good storage life. May be modified with other mate- 
rials to meet a variety of end-product requirements. 
Compatible with many other coating resins. Essentially 
100 per cent polymerizeable. Exceptional resistance to 
salt spray. Extreme toughness, flexibility and resistance 


So 


| Ce/lulose acetate, 
SCC — 


——— 
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ie ed Viny! chloride - 


800 1000 1200 1400 1600 
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Fig. 2—Mar resistance of R-108 multiple coating com- 
pared to window glass and other materials; ASTM D673- 
44, (Source: General -Electric’s Chemical Dept.) 


to marring and abrasion. Excellent adhesion to metals, 
glass, wood, and plastics. Stability to aging at elevated 
temperatures. 

Coatings made with R-108 may be applied by brush- 
ing, dipping, spraying or roller coating, or may be baked 
in standard equipment by conventional methods. May be 
pigmented in a variety of colors. Indicated applications 
include appliances and air-conditioning equipment. May 
be used both for single- and multiple-coat systems. For 
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{ Re: Specifications 


TO HELP OUR 
‘METALS SITUATION | 
CONSIDER 


OILITE 


PRODUCT 


OILITE may relieve your shor ) 


age 


= 
- 


of critical materials 


Particularly in mass-production 
units of small and medium size, 
Oilite finished machine parts and 
bearings can be made to your 
design in a broad range of ferrous 
and nonferrous metals and alloys, 
except as limited by government 
control. Moreover, Oilite prod- 
ucts of ferrous base may serve 
excellently instead of scarce non- 


ferrous units or as replacements 
for steel and castings. 

When you employ Oilite you 
also obtain the benefits of more 
than 20 years’ engineering, re- 
search, and production experience 
in powder metallurgy, together 
with the service of field engineers 
throughout the United States and 
Canada. 


You are invited to contact 


Note te Execitines) 


Oilite is an effective 
replacement, not a 
mere substitute 


In the last decade, more and 
more executives have become 
“QOilite minded” because the 
advantages are many.To meet 
the current situation, many 
of our customers have changed 
their specifications to replace 
strategic copper and tin with 
products of iron powder or iron 
powder alloys. Others are re- 
placing iron castings, steel and 
aluminum with similar Oilite 
products. 

Also of importauce to exec- 
utives, under conditions of 
urgency, are the wide adapta- 
bility, the speed of delivery, 
and the economy of cost, time 
and manpower which result 
from the use of Oilite finished 
machine parts, made from 
‘metal powders. 

Intricate designs, which 
normally require many differ- 
ent machining operations, can 
be produced quickly and eco- 
nomically from Oilite. There 
is great freedom of design and 
frequently two or more parts 
can be combined in a single 
Oilite unit. Oilite eliminates 
upto24 machining operations. 

Delivered ready for assem- 
bly, Oilite parts save the time 
and investment required to 
tool up by standard methods. 
It is not unusual to be in pro- 
duction on a complex Oilite 
part within a few weeks, as 
compared to a possible 18- 
month delivery of machine 
tools. Trained manpower is 
thus released for other urgent 
needs. 

Oilite is not a substitute. 
It is metallurgy’s answer to 
the need for a new material. 
It may solve your problem. 


f rm “ the field engineer in your district or 


write the home office regarding 


vay wa the application to your needs YES Karen 


of Oilite products. President 
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Cubsiliay, off Chagalee Coxporaliion 


DETROIT 31, MICHIGAN 
Field Engineers and Supply Depots in Principal U. $. and Canadian Cities 
OILITE PRODUCTS 
Heavy duty, oil-cushioned, self-lubricating bearings and finished 


machine parts in ferrous and nonferrous metals and alloys. Per- 
manent filters. Friction units. Self-lubricating cored and bar stock. 
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FASTENING ECONOMIES 


Start at the Drawing Board 


Include 

HOLTITE Fasteners 
in your , 
NEW 
designs 


At your request, our. engineers will: 
assist in solving your particular fastening 


CONTINENTAL 
SCREW COMPANY 


New Bedford, Massachusetts, USA. 


| varnish manufacturers on a commercial basis. 


and varnishes: 


| rotation. 


maximum chemical resistance multiple coats are recom- 


mended. Fig. 2 shows mar resistance of R-108 multiple 
coatings compared to window glass and other materials. 


| Supplies of R-108 are as yet only in semicommercial 


production. 
The Epon surface-coating resins, developed by Shell 
Chemical Corporation, New York 18, although a sig- 


| nificant recent development, are no longer considered in 


the experimental stage since they have made unusually 
rapid strides. They are now used by a number of 
Epon 
resins are of the epoxy type (that is, made by a reaction 
of bisphenyl and epichlorohydrin) and represent an 
entirely new type of condensation polymer with an un- 
usual combination of properties: Adhesion, flexibility 
and chemical resistance. 

Four types are available—1001, 1004, 1007, and 1009. 

The first (1001) is used for industrial baking 
enamels; 1004 for air-dry as well as baking enamels, 
industrial primers, and also for other types of finishes 
1007 for industrial baking enamels, in- 
dustrial primers, and other types; while 1009 (in addi- 
tion to other uses) has been investigated for wire enam- 


| els owing to high-temperature resistance (understood of 
| the order 


of 200 C) and unusual adhesion to metals. 
Epon resins are compatible with various other coating 


resins, including certain alkyds, phenolics, and melamine 


formaldehydes, thus providing a base for many com- 
binations. ooo 


How Single-Phase Squirrel Cage 
Motors Run 


This explanation of single-phase squirrel- 
cage motors uses rotation of the rotor and 
inductive action of induced currents in rotor 
to set up a rotating flux. 

EDWARD BRETCH 


Consultant 
Century Electric Company 


Two different explanations for the rotation of single- 
phase induction motors, cross-field and _ rotary-field 


| theories, have prevailed for many years. The cross-field 
| theory was offered by W. J. 


Branson in 1912 (1)! 
wherein he developed a circle diagram for single-phase 


| motors. Later Robin Beach (2) developed a compre- 
| hensive nonmathematical exposition of the cross-field 


theory showing how stator and rotor fluxes and cur- 
rents mutually interact to develop torque and maintain 
The revolving-field theory, explained non- 
mathematically by B. G. Lamme in 1918 (3), is quite 
different and holds that the resultant field in a single- 


| phase induction motor is made up of two individual 


revolving fields rotating directions. (4) 
Here is a third explanation which describes the estab- 
lishment of a rotating flux as a result of rotation of the 
rotor combined with inductive action of induced currents 
in the squirrel-cage rotor winding (6). 

A conventional single-phase squirrel-cage motor con- 
sists of a primary stator impressing a single-phase 


in opposite 


| alternating magnetomotive force on a squirrel-cage rotor 


1 Italic numerals in parentheses apply to references at end of article. 
Reprinted from ELEecTRICAL MANUFACTURING, February 1951, page 118, 
to correct errors inadvertently introduced in editing the author’s manu- 
script—Editor. 
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: ete ndability in critical applications 
General Ceramics low-loss Steatite sealed leads feature superior mechanical 


strength that insures permanent, positive hermetic sealing under practically 
RIOR STRENGTH any operating condition. Immune to severe thermal shock, they are easily 
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W £10 Collector Rings are made in ail sizes 
to carry currents of 5 to 200 amperes. Two to 
twelve rings can be furnished on one stub com- 
plete with brush holders, brushes, studs for sup- 
porting the brush holders and stud rings. The 
collector rings can be assembled as a unit on 
one hollow tube with threads on one end and 
insulation bushing on the opposite end. The 
brush holders carrying the current are made of 
brass. The collector rings are made of hard 


bronze material. Bakelite insulation is used. 


Welco Collector Rings are custom-built to fit the 
special design and functional requirements of 
your machines or equipment. A limited num- 
ber of standard types are available. Send us 
your blueprints and we will design for you the 
collector rings that are functionally correct. 


THE B. A. WESCHE ELECTRIC CO. 
1626-22 Vine Street Cincinnati, Ohio 
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which has closed electric circuits distributed uniformly 
around the circumference. Closed electric circuits are 
placed so rotor reaction on the primary is independent 
of rotor position. When rotor-is stationary, closed cir- 
cuits in the squirrel cage act simply as short-circuited 
transformer secondaries; no starting torque is devel- 
oped since all forces are in balance. 

With rotor driven at synchronous speed by external 
power, squirrel cage moves in exact synchronism with 
the primary alternating mmf impulses. These impulses 
are thereby rectified in the synchronously rotating squir- 
rel cage and a full-wave rectified single-phase mmf is 
impressed on the synchronous squirrel-cage rotor. Flux 
through the squirrel-cage rotor is produced by a full- 
wave rectified alternating mmf and is therefore unidi- 
rectional through the synchronous rotor with a double- 
frequency ripple similar to a filtered current produced 
by a full-wave rectified emf. 

When a magnetic flux threads a closed electric circuit, 
any variation of the flux induces currents in the electric 
circuit which prevent abrupt flux changes; these in- 
duced currents have an “inertia effect” on the flux. 
Magnitude of the inertia effect depends upon the re- 
sistance of the enclosing circuit. A low-resistance 
electric circuit enclosing the flux exerts a powerful 
inertia effect tending to hold flux constant and thereby 
filters out flux ripples. Since the closed circuits in the 
squirrel cage have low resistance, the unidirectional 
synchronously rotating rotor flux decreases only slightly 
between rectified primary mmf impulses and is revived 
to full strength each half cycle. As a result a relatively 
constant flux is maintained with only slight double- 
frequency ripples. 

This synchronously rotating rotor flux is stationary 
with respect to the squirrel cage and is, with one ex- 
ception the exact equivalent of the rotating field flux of 
a synchronous motor. In the squirrel-cage motor driven 
at synchronism, flux is produced by rectified primary 
alternating mmf and contains slightly double-frequency 
flux ripples while in the synchronous motor, it is pro- 
duced by a d-c emf applied to the rotating field windings 
that does not develop ripples. 

When the squirrel-cage rotor is not driven at syn- 
chronous speed but operates as an induction motor 





Dual lights eliminate shadows in a new soldering 
gun made by Weller Electric Corp., Easton, Pa. 
Trigger switch controls two heats, 100 and 135 watts, 
with 5-sec heating time at tip. 














The variable speed gear-driven superchargers 
that provide the added boost needed by many | 


of today’s larger aircraft, require steel that is 





tough enough to withstand the high heats, speeds 
and unit loads without giving way to fatigue and 


I 
distortion; a steel that can be copper brazed and | 


rs otherwise fabricated without a loss of strength; a 

f ‘\ aa steel that can be delivered with constant uniform- 

ae : | ity in a close tolerance range to guarantee the 

delicate balance so important to the part. 
: Parts pictured here are for hydraulic coupling— {| 
a | the heart of the supercharger—made of special 
Re ~ | Sharon chrome-moly alloy that exactly fits job | 
i | G ) % , | requirements. 7 
a | ( ) *Specialists in Stainless, Special Alloy and Coated Strip. 
POON. SHARON STEEL CORPORATION | 
| : Sharow, Fenmtyloaria 


SHARONSTEEL — 


 < 


DISTRICT SALES OFFICES: Chicago, Ill., Cincinnati, O., Cleveland, O., Dayton, O., Detroit, Mich., Indianapolis, Ind., 
Milwaukee, Wis., New York, N. Y., Philadelphia, Penna., Rochester, N. Y., Los Angeles, Calif., San Francisco, Calif. 
Montreal, Que., Toronto, Ont. 


Be nt Peete Se a 
ee 
EN TT REE 


*A CONTROL MUST FOR 
HIGH BAY LIGHTING 


... instant disconnect of 
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Instant remote disconnect of lights and 
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Remote controls for instant disconnect pro- 
tect workers and machinery. They elimi- 
nate multiple heavy feeder lines, thus 
saving on installation costs. 


The ASCO Line of Remote Control 
Switches, similar to the switch illustrated, 
now ranges up to 1000 amperes in capac- 
ity. Write us about your requirements. 
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with a slight slip, effect of slip is superimposed on 
the inertia effect of the induced rotor currents. Although 
slip exists between the rotating constant flux and the 
rotor, the flux itself is rotating in exact synchronism 
with the primary mmf impulses. Also the primary mmf 
acts on this synchronously rotating constant flux. Op- 
eration of the motor can be visualized by considering 
this rotating constant flux as a permanent magnet ro- 
tating in synchronism with the primary mmf impulses. 
Thus, the squirrel cage serves two distinct purposes, 
first it maintains the rotor flux between the rectified 
alternating primary mmf impulses, and second it de- 
velops the torque. 

Manner in which the primary single-phase alterna- 
ting mmf is rectified and the rotating constant flux 
developed in a synchronous or near-synchronous bi- 
polar squirrel-cage rotor is shown in the diagram. Sine 
wave indicates alternations of the single-phase alterna- 


ting primary mmf impressed on the rotor while ro- 
tating near synchronism in the clockwise direction 
through one complete cycle. Arrows in the circles in- 
dicate direction of the rotating constant flux at various 
points in the cycle with reference to the vertical axis 
which indicates the direction of the primary alterna- 
ting mmf. When primary mmf is zero at point J, flux is 
in the horizontal or neutral position with reference 
to the direction of the primary mmf. Rotor flux is 
maintained momentarily by inertia effect of induced 
rotor currents and rotor rotation is maintained 
by mechanical inertia. One-quarter cycle later at 
point 2, rotor has moved approximately 90 deg 
and direction of rotor flux is approaching that of 
the primary mmf when it is at its maximum. When 
at maximum, primary mmf brings rotor flux up to 
full strength and also pulls it into exact synchro- 
nism. As rotor moves to point 3, direction of rotor 
flux swings across the neutral position as primary 
mmf goes through zero and reverses. Rotor flux is 
again momentarily maintained by inertia effect of in- 
duced rotor currents and rotor rotation is maintained 
by the mechanical inertia. As rotor moves to point 4, 
primary mmf has reversed in direction and the rotor 
has moved 180 deg from point 2. Primary mmf acts 
in the same direction through the rotor as at point 2. 
Again at point 4 rotor flux is brought up to full 
strength and is pulled into exact synchronism by the 
primary mmf impulses. Continuing to point 5, pri- 
mary mmf goes through zero and reverses as the di- 
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Once more, RCA leads the field! This time, with 
new rectangular picture tubes which require no focusing 
coil or focusing magnet . . . thus effecting important 
Savings in critical materials. 


The currently used magnetic focus in TV sets 
requires coils and magnets containing the metals cobalt 
and copper ... both on the Government's restricted list. 


To meet the shortages, RCA engineers have de- 
veloped improved electrostatic focusing for wide- 
deflection-angle TV tubes—eliminating need for a focus- 
ing magnet or coil. Result: The new RCA kinescopes— 
which not only make possible savings in critical 
materials, but introduce advantages that destine them 
to become industry’s most widely used picture tubes. 


Such advantages, for example, as: (a) An improved 
electron gun which provides excellent uniformity of 
focus over the entire picture area, and is so designed that 
the focusing electrode takes negligible current—permit- 
ting voltage for the electrode to be supplied easily and 
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economically; (b) Focus automatically maintained with 
variation in line voltage and adjustment of picture 
brightness; (c) Simplification of tube installation and 
adjustment for optimum performance. 


When RCA produced its outstanding Image Orthi- 
con, “eye” of the television camera, it called upon the 
superlative Driver-Harris radio alloy Nichrome* V to 
provide 95 % of the metal components of the tube. Now, 
in the case of the kinescopes, a Driver-Harris produced 
alloy fills a need. 


Here are typical examples of how Driver-Harris 
stands ready to serve all industry with alloys necessary 
for new or standard applications. 


During the present emergency, of course, strategic 
materials and the alloys made from them are on strict 
allocation. However, we shall be glad to make recom- 
mendations based upon your specific needs, and serve 
you to the best of our ability. 
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rection of the constant rotor flux crosses the neu- 
tral position where it is again maintained momentarily 
by the inertia action of the induced rotor current while 
the motion of the rotor is maintained by the mechan- 
ical inertia. 

Thus, at and near synchronism, a full-wave rectified 
single-phase alternating mmf is impressed on the ro- 
tor and the inertia effects of the induced rotor cur- 
rents prevent the flux from decreasing materially 
between the rectified primary mmf impulses. At each 
half cycle the flux is revived to full strength and pulled 
into exact synchronism. Squirrel cage is pulled along 
with the synchronously rotating constant flux, with 
more or less slip depending on the load exactly as in a 
polyphase motor. However, the single-phase motor has 
only two power impulses in each cycle and torque is 

HEXAGON HEAD pulsating. ; es 
MACHINE SCREWS The following characteristics of the single-phase 
ge soca ee squirrel-cage motor at and near synchronism are dis- 
using fasteners that improve prod- able from Pheoll stocks. Standard, closed: 
te ee nL 1. Motor develops a substantially constant synchro- 
MACHINE SCREWS | nously rotating flux although excited by a single-phase 
Round, Flet, Filter, or Oval OTHER PROFIT Prony alternating mmf. 

CLOTTED WEAD a Tap oUt PRoDucTS 2. Magnetizing energy derived from the primary 
Round, Flat, Fillister, Oval, | Wood Ln © Sty, Sem when the rotor is under the direct influence of the 
Washer, Binding Heads. Cap ‘Scree * Bra ne Wen primary mmf is stored in the rotor by means of induced 

; al Threaded Products rotor currents carried along by the rotation of the rotor 
and is released by the reversal of the induced rotor 
currents in the neutral position when the primary mmf 
is zero. 

3. Rotating constant flux is produced by a series 
of double-frequency rectified primary mmf impulses 
impressed on the near-synchronous squirrel-cage ro- 
tor and is held constant between impulses by the inertia 
effect of the induced rotor currents. The double-fre- 
quency rectified mmf impulses produce a double-fre- 
quency ripple in the rotating constant rotor flux. 

4. Squirrel cage serves two distinct purposes; first, 
it holds the synchronously rotating rotor flux constant 
between the double-frequency rectified primary mmf 
impulses, and second, it develops the torque. 

5. Torque is a series of double-frequency power 

impulses held substantially constant by the mechanical 
lf inertia of the rotor. 

6. Motor has no starting torque, requiring some 


MOTOR BRUSHES ON FIGHTING PLANES auxiliary starting device and runs equally well in either 
AT HIGH ALTITUDES direction. ooo 
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